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CHANGES IN CONDUCTION IN THE PRESENCE OF 
ALTERNATION OF THE HEART! 


EDWARD P. CARTER, M.D., anp JAMES M. FAULKNER, M.D? 
From the Cardiographic Laboratory of the Johns Hopkins Hospital and University 


Among the many theories suggested in explanation of ventricular 
alternation, in every way the most important, as having influenced all 
subsequent experimental work, and as still applicable with certain 
modifications to the more recent generally accepted hypothesis of 
Mines, was that advanced by Gaskell (3). Working with the cold- 
blooded heart he first recorded a partial contraction of the ventricular 
muscle during the weak beat of the alternating rhythm and concluded 
that the essential mechanism involved depended upon a partial asystole 
occurring at the time of the smaller ventricular contraction. 

Engelmann (2) later came to the same conclusion and attributed 
the partial asystole to disturbances in conduction. 

Muskens’ interpretation (8) stressed defects in conductivity and, 
though he attempted to distinguish three forms of alternation, was in 
essential agreement with that suggested by Engelmann. 

Galli (4) in 1906 insisted that the essential fault depended upon the 
alternating partial failure of the cardiac systole and attributed this to 
disturbances of contraction involving chiefly the papillary muscles. 

In a series of important papers Hering (5) reports in detail his studies 
upon alternation in the mammalian heart. Recognizing clearly the 
essential similarity of his theory to the hypothesis suggested by Gas- 
kell for the frog’s heart, he concluded that alternation was due to the 
development of an increased refractory period in isolated areas of mus- 
cle fibres such that they failed to respond to the rhythmic stimuli and 
gave rise to an alternating partial asystole occurring only at the time 
of the smaller contraction. 

Writing in 1910, Hering in a measure qualified this categorical 
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statement of his original hypothesis by stating that, in relation to the 
total ventricular musculature, he recognized the fact that a partial 
asystole might occur with every systole of the alternating rhythm, while 
in relation to the periodically asystolic portion of the muscle this did 
not obtain, since this part only failed to contract at the time of the 
smaller systole. He was further apparently unwilling to consider the 
part played by an asystole occurring with every beat as germane to his 
original hypothesis (1910, p. 372). In this connection with the views 
advanced independently by Mines this conception of Hering’s is of 
interest. 

Mines (7) in developing his theory of alternation called attention 
to the confusion which arose in interpreting Gaskell’s hypothesis, 
because it had been assumed that all those areas of the cardiac muscle 
which responded to the half rhythm followed either the even or the odd 
series of stimuli. He pointed out that there was no just basis for this 
assumption, that it was incompatible with many experimental results 
and that his explanation offered for the development of alternation 
was in no sense in conflict with Gaskell’s original hypothesis. He 
insisted upon the failure of certain groups of muscle fibres to’ respond 
with every systole of the alternating rhythm as the fundamental 
mechanism in the state of alternation, ‘and portrayed his hypothesis 
graphically as follows: V-v:, V-v2, V-v:, V-vs. In which v; and vs 
represent the refractory muscle bundles of each systole. 

deBoer (1) from his studies concluded that there are three funda- 
mental changes which take place before alternation can occur. ‘The 
contractility of the ventricular muscle lessens; the speed of the 
spread of the excitation wave through the ventricle decreases and the 
duration of the refractory period of the ventricle increases and ap- 
proaches nearer and nearer to the duration of the sinus period.” 
When the metabolic state of the ventricular muscle is impoverished, 
a slight change in the duration of the sinus periods has a great in- 
fluence in causing a change to alternans with a total hyposystole anda 
lengthened stimulus transmission during the smaller contraction. 
As soon as a longer systole than usual occurs, the following diastole is 
shortened, as is the following systole, and in this way alternation is 
established. deBoer’s conclusions as to the changes in the rate of 
spread of the excitation wave are based upon the gross measurements 
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of synchronous electrograms and myographic curves. He did not 
measure the actual transmission intervals. 

Kisch (6) from studies on simple suspension curves with frogs’ 
hearts concluded that the essential mechanism was due to a partial 
asystole and he observed the actual ballooning of that part of the 
ventricular muscle which failed to contract, as described by deBoer. 

It is significant that Straub’s observations (9) in which he showed 
that there was an actual alternation in the volume capacity of the 
ventricles, due to changes in the rate at which diastole takes place, 
may be explained on the assumption of an out of phase relaxation of 
scattered groups of muscle fibres. 

In this connection Wiggers’ demonstration of the nature of the 
fractionate ventricular contraction assumes an added interest (10). 

Whatever the hypothesis accepted as essential in the establishment 
of alternation, it is apparent that there must be a profound effect.upon 
the rate of transmission of the excitatory process in the heart showing 
such conspicuous changes from its normal metabolic state. 

The following observations were carried out in order to determine, if 
possible, whether or not distinct alternation of the transmission in- 
tervals could be shown to occur consistently in the presence of con- 


spicuous mechanical alternation, as suggested at least by some of 
de Boer’s records. 


EXPERIMENTAL PROCEDURE 


The heart of the terrapin Chrysemes Scabra was used in this study. 
The terrapin was pithed and the plastron carefully removed. The 
heart was then suspended in a suitable clamp. Double pairs of 
worsted threads were attached at the base and in line towards the 
apex at a distance of 12 to 14 mm. apart. These were connected di- 
rectly to kaolin paste electrodes which in turn were connected with 
the two strings of the galvanometer. A thread attached to the chest 
wall leading to a writing lever recorded the mechanical contractions. 
By means of an electrically controlled signal the time interval covering 
the galvanometric curves was recorded upon the myograph. The 
heart so set up was frequently allowed to remain suspended for from 
twenty minutes to half an hour before any observations were recorded. 
Following this procedure it was found that alternation could frequently 
be more easily induced. 
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The heart was then driven by regularly spaced induction shocks at 
a rate well below that required to induce a 2:1 block. The galvan- 
ometric records were photographed upon plates, and subsequently 
measured by means of a Lucas comparator. 

In all a series of fifteen hearts was studied from which, as repre- 
senting typically characteristic results, we have selected the following 
observations to describe in detail. 


No. 1. Heart suspended 3.20 p.m. 
Plate no. Time Driven R-R 
7 4.17 rt 
Mechanical alternation 


Here, although mechanical alternation was constantly present when 
the electrograms were recorded, alternation in the transmission in- 
terval is present only in the plate taken at 4.24p.m. The other records 
show a slight but distinct slowing in the rate of spread of the excitation 
wave.* 


No. 2. Heart suspended 2.40 p.m. 
Plate no. Time Driven R-R er. oo 
1 3.10 2.97 84.0 
Mechanical alternation 79.4 
82.0 
86.0 





® The deflections registered by the apical string did not always show the sharp 
deflection evidenced by the basal string so that in a number of instances it was 
impossible to utilize the records obtained. All the measurements finally accepted 
have been checked, and many remeasured several times. Transmission rate in 
millimeters per second. 
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Transmission interval 
sequential cycles 


2 2:9" 82.7 


Mechanical alternation 70.8 
84.0 
71. 
79. 


Plate no. Driven R-R 
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3 
Mechanical alternation 
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In the above observation distinct mechanical alternation was present 
during the time when the electrograms were obtained. The extent of 
such alternation is well illustrated in Figures 1 and 2 taken when plates 
3 and 6 were recorded. In these curves as also in Nos. 2, 8 and 10 
there is distinct evidence of alternation in the transmission intervals 
for the sequential cycles included in our measurements. The two 
remaining plates show nothing more than a variable rate of spread. 
The gradual slowing of the transmission rate as the observation 


progressed is apparent. 
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No. 3. Heart suspended at 3 p.m. 
- . Transmission interva 
> : ee i J 
Plate no, Ti Sinus rhythm sequential cycle 


1 3.18 R-R 4” 24.6 


No mechanical alternation 24.9 
24.4 
24.4 


2 3 Driven R-R 


Mechanical alternation 2.4” 


74) 


3 3 Driven R-R 


Mechanical alternation 2.4” 


ss “J *J 


“UI Ww 


4 3 Driven R-R 


Mechanical alternation 


5 


Mechanical alternation 


6 . Driven R-R 
Mechanical alternation 2.4” 


7 ; Driven R-R 


Slight mechanical alternation 2.4” 


8 : Driven R-R 
Slight mechanical alternation 2.4” 


In the above observation the constancy of the transmission rate 
in the presence of the normal sinus rhythm is in striking contrast 
to the variable rate present during mechanical alternation. In 
this experiment the measurements do not even suggest distinct alter- 
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nation in the transmission rate, though the mechanical alternation 
was almost as great as in other records, which showed conspicuous 
alternation in the recorded measurements. 


Fic. 1 Fic. 2 Fic. 3 
Fic. 1. MyoGrapuic CurRVE OF PLATE 2, EXPERIMENT 2 
The first five cycles included in signal showed distinct alternation of the trans- 
mission interval. Signal in all figures indicates time when galvanometric records 
were taken. 
Fic. 2. MyOGRAPHIC CURVE OF PLATE 6, EXPERIMENT 2 


Distinct alternation of transmission interval present 


Fic. 3. MyoGrRapsic CURVE OF PLATE 2, EXPERIMENT 4 


No alternation of transmission interval 


No. 4. Heart suspended 3.40 p.m. 
Transmission interval 
Plate no. Time Driven R-R sequential cycles 
mm. per sec. 


.6 


© 


2 4.20 ait" 


awww 
wn 


w 


Figure 3 illustrates the extent of the mechanical alternation present 
during the period when this record was taken. One is at once im- 
pressed by the variability of the measured record and the apparent 
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tendency of the transmission interval to slow up as the alternation 


continues. 





Fic. 4. MyOGRAPHIC CURVE OF PLATE 1, EXPERIMENT 5 


Distinct alternation of transmission interval present. Compare with Figure 8 


No. 5. Heart suspended 3.10 p.m. 
Plate no. Time Driven R-R Transmission interval 
sequential cycles 
1 . 30 2.42” 137.4 
124.0 
138.0 
130.5 
143.0 
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Here the recorded measurements clearly show an alternation in the 


rate of spread and an unusually rapid rate of transmission. 


No. 6. 


Piate no. 


3 
Mechanical alternation 


4 
Mechanical alternation 


Here there is no distinct alternation in the transmission interval 
though the gradual slowing is apparent. 


No. 7. 
Plate no. 


1 
Mechanical alternation 


? 


- 


No mechanical alternation 


2 


e ] 
Mechanical alternation 


i 
Mechanical alternation 


8 
Mechanical alternation 


Figure 6 illustrates the graphic 


was obtained. 


Heart suspended 2.40 p.m. 


Time 


3.22 


Driven R-R 


2. 28” 


Heart suspended 2.20 p.m. 


Time 


2.41 
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Sinus rhythm 


R-R 7.00” 


R-R 7.00” 


Driven R-R 
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Driven R-R 
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2.58” 
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The gradually diminishing amplitude of the lesser beat, a feature 
frequently encountered and so often associated with a progressive 
increase in amplitude of the greater beat, the so-called summation of 
alternation, is plainly seen. Here the alternation in the transmission 
interval is clear cut and distinct. 


Fic. 5 Fic. 6 Fic. 7 
Fic. 5. MyoGRAPHIC CURVE OF PLATE 4, EXPERIMENT 6 
Distinct slowing but no alternation of transmission interval 
Fic. 6. MyoGRAPHIC CURVE OF PLATE 3, EXPERIMENT 7 
Distinct alternation of transmission interval present 
Fic. 7. MyOGRAPHIC CURVE OF PLATE 3 


Progressive slowing of transmission interval but no alternation 


Alternation of the transmission rate is seen also in records Nos. 7 
and 8, of this observation. As the experiment progressed the gradual 
slowing of the rates of spread is apparent. 
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No. 9. Heart suspended 2.40 p.m. 


Plate no. Time Driven R-R Transmission interval 
sequential cycles 


1 3.42 3.6” 47.6 
47.7 
48.0 
47.7 


Very slight mechanical alternation 


2 . 3. 39. 


Slight mechanical alternation 


3 
Slight mechanical alternation 


4 . 2 74.0 
72.6 
70.0 
70.3 


Mechanical alternation 


In the above observation the mechanical alternation throughout 
was slight and the transmission intervals varied but little for any 
sequential group of measured cycles. It is of significance that follow- 


ing the long resting period between records Nos. 2 and 3 the rate of 
spread recovered and was faster in the later observations than in the 
earlier, though the gradual slowing as the alternation continues is 
evident. Figure 7 illustrates the myograph for plate No. 3. 


No. 10. Heart suspended 2.20 p.m. 


Plate no. Time Driven R-R Transmission interval 
sequential cycles 


2 2.40 2.18” 32.7 
54. 
33. 
48. 


39.8 
40.00 
41.5 
41.3 


The mechanical and electrical curves illustrating the above records 
are seen in Figures 8, 9, 10 and 11 and will be discussed later. 
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Fic. 8. MyoGrapHic CURVE WHEN RECORD IN FicureE 9 Was OBTAINED 
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Fic. 9. ELECTROGRAM OF PLATE 2, EXPERIMENT 10 


Distinct alternation of transmission interval present 
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Fic. 10. MyoGrapHic CURVE WHEN RECORD IN FiGuRE 11 WAS OB8TAINED 


Fic. 11. ELECTROGRAM OF PLATE 3, EXPERIMENT 10 


No alternation in transmission interval present 
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No. 11. 


Plate no. 


1 and 2 
No mechanical alternation 


4 
Mechanical alternation 


Heart suspended 3 p.m. 


Transmission interval 
sequential cycles 
131.: 
132. 
128. 
132. 


Time Spontaneous rhythm 


3.29 R-R 6. 60” 


54.0 
56.0 
52.0 


54.0 


Driven R-R 2.6” 


At 4.15 p.m. the suspended heart was sprayed with a few cubic centimeters of 1-2000 


adrenalin soiution. 


Plate no. 


6 
After adrenalin, no mechanical 
alternation 
7 
6 minutes after adrenalin, me- 
chanical alternation 


9 
Mechanical alternation 


Transmission interval 
equential cycles 


136.3 
136.9 
136.6 


Time Spontaneous rhythm 


4.19 R-R 5. 6” 


Driven R-R 103. 
y BP ug 102. 
103. 

103. 


Driven R-R 118. 
y ae as 104. § 
113.0 
103.9 


This observation is of unusual interest in that following the appli- 
cation of adrenalin the transmission rate was increased with the driven 
record but did not show any alternation in plate No. 7 taken 6 minutes 
later in the presence of just as extreme mechanical alternation as was 
present when record No. 9 was taken fourteen minutes later, see 
Figure 12, at which time the alternation in the transmission interval 


was very distinct. 


No. 12. 
Plate no. 


1 


Heart suspended 2.20 p.m. 


Transmission interval 
sequenticl cycles 
mm. per sec. 


89 3 
89 0 
89.6 
90.0 


Sinus rhythm 


R-R 3.2” 


Time 


3 06 





CHANGES IN CONDUCTION AND ALTERNATION OF HEART 259 


Plate no. 


3 
Mechanical alternation 


4 
Slight mechanical alternation 


6 
Mechanical alternation 


7 
Mechanical alternation 


g 
Mechanical alternation 


Sinus rhythm 


Driven R-R 
ye 


Driven R-R 
3.05” 


Driven R-R 
2.60” 


Driven R-R 
2.6” 


Driven R-R 


2.8” 


Driven R-R 
2.8” 


Transmission interval 
sequential cycles 


mm. per sec, 
62.0 
53.5 
61. 

52. 


In the above observation there is a distinct alternation in the 
transmission interval in the curves taken at 3.09. 
Somewhat similar results are seen in the observation detailed below, 
though the gradual slowing up of the transmission rate is even more 
evident. 


No. 13. Heart suspended 2.45 p.m. 


Plate no. Time 
1 3.13 
Mechanical alternation 


Driven R-R 
3.0” 


Transmission snterval 
sequential cycles 
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, Transmission interva 
ale ne Driven R- ; j 
Plate no. Driven R-R sequential cycles 


3 3:3 2.40” 34.3 


Mechanical alternation 30.6 
30.1 


30.1 
26. 


24. 
19. 


5 


Slight mechanical alternation 


While there is no evidence of alternation of the transmission rate in 
the above measurements, all but one of the recorded plates show a 
distinct slowing up in the rate of spread for the sequential cycles. 

From a study of the above measurements it is apparent that an 
actual alternation of the transmission interval was not consistently 
present in the records obtained in the manner outlined, though only 
four experiments failed to show such alternation at some stage of the 
observation; in some of the plates clear cut and distinct and in others 
less so. Throughout, however, the great variability of the trans- 
mission rate in the presence of the mechanical alteration is evident 
and the apparent tendency of the rate of spread to slow up as the 
alternation continued has been pointed out. 

With the actual alternation of the electrograms we are not speci- 
fically concerned, except to note its almost constant occurrence par- 
ticularly in relation to the T wave in the records obtained by the 
electrodes nearest the apex and less frequently in both leads. Such 
alternation in the end-phase of the electrograms recorded in the pres- 
ence of mechanical alternation is too well known to need comment. 

The records illustrated in Figures 9 and 11 and by the myographic 
records, Figures 8 and 10, are sufficiently interesting to merit more 
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detailed discussion. In the record taken at 2.40 p.m., the heart being 
driven at an R-R interval of 2.18 seconds, the myographic tracing 
shows a gradual lessening in amplitude of the larger beat up to the 
time when the electrogram was taken, as shown by the signal, and an 
almost complete disappearance of the lesser beat evidenced by the 


Fic. 12 Fic. 13 
Fic. 12. Myocrapuic CurVE OF PLATE 9, EXPERIMENT 11 
Distinct alternation in the transmission interval present 
Fic. 13. MyoGrapnic CURVE OF PLATE 6, EXPERIMENT 12 


No alternation of transmission interval present 


slight notch on the downstroke of the curve. Apparently the speed 
at which the heart was being driven was just below that necessary to 
produce a 2:1 block. A slightly faster rate and the smaller contrac- 
tion would have dropped out altogether. Here alternation in the 


transmission rate for the four sequential cycles measured is distinct, 
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and alternation in the early and end-phases of the ventricular com- 
plexes is conspicuous. In the record, however, taken two minutes 
later at a slower driven rate of R-R 3.32 seconds, although the me- 
chanical alternation is distinct, alternation in the ventricular com- 
plexes is confined chiefly to the basal string and there was no alter- 
nation in the transmission rate. In both records there is a definite 
alternation in the length of the ventricular systole for both the basal 
and apical complexes measured either from the break signal or the 
offset of R to the end of T. The distance between the two paired 
electrodes was 14 mm. 

It is not wholly easy to explain the absence of alternation in the 
transmission rate in the second record (Plate 3), though it seems prob- 
able that in this instance the slower driven rate, though associated 
with mechanical alternation, did not exhaust the muscle as did the 
faster rate with the earlier record. 

In Experiment 11, alternation in the transmission intervals is dis- 
tinct in the second record and in the fifth (Plate 9), taken twenty 
minutes after spraying with adrenalin, which increased the rate of 
spread with the driven rhythm, and seemed to overcome, at least 


temporarily, the tendency to alternation in the transmission (see 


Plates 6 and 7). 

When one analyzes the myographic curves, it is at once apparent 
that alternation of the transmission interval occurs only in the pres- 
ence of extreme mechanical alternation. Thus in Figures 3, 5, 7, and 
10 the mechanical alternation is not so marked as in the other figures 
and is associated with a variability in, or a progressive slowing of, 
the transmission interval. In Figures 4 and 8 the mechanical alter- 
nation is extreme, is increasing as the observation proceeds and is 
associated with distinct alternation in the transmission interval. 

Comparing the divergence in the extent of the mechanical alterna- 
tion present in Figures 8 and 10, one showing alternation in the rate 
of spread of the excitation wave and the other none, it is evident, as 
stated above, that the difference in the driven rate is undoubtedly a 
factor in this difference of response by the cardiac muscle. In many 
of the other recorded curves, however, this difference in the driven 
rate is lacking and it must be assumed, we believe, that the variability 
of the metabolic condition of the myocardium is the only factor influ- 
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encing the degree of mechanical alternation in the presence of a con- 
stant driven rate. With slight or at most a moderate degree of 
mechanical alternation there occurs either an instability or a progres- 
sive slowing of the rate of spread, while, with extreme mechanical 
alternation, actual alternation of the transmission intervals is appar- 
ently a frequent associated phenomenon. 


CONCLUSIONS 


It is evident that, under the conditions of the observations as out- 
lined, in the presence of mechanical alternation there is a great vari- 
ability in the rate of spread of the excitation wave together with a 
tendency for this rate to slow up as the muscle becomes exhausted, 
and that distinct alternation of the transmission interval may be and 
is quite frequently present, depending upon the degree of mechanical 


alternation. 
REFERENCES 


DEBOoER, B.: Znéribl. f. Physiol., 1915, xxx, 149; 1916, i, 27; 1918, ii, 511; 1919, 
iii, 167; Pfliig. Arch. f. d. ges. Physiol., 1921, cxcii, 183. 

ENGELMANN, T. W.: Pfliig. Arch. f.d. ges. Physicl., 1896, \xii, 543. 

3) GASKELL, W.H.: Phil. Trans. R. S., 1882, clxxv, 992. 

GALLI, G.: Miinch. Med. Wchnschr., 1906, liii, 1956; 1906, lvi, 563. 

HERING, H. E.: Ziéschr. f. Exp. Path. and Therap., 1910, vii, 363; 1912, xi, 6 
& 14; 1913, xii, 325. 

Kiscu, B.: Zéschr. f. Exp. Path. u. Therap., 1919, xx, 483. 

Mines, G. R.: Proc. Philos. Soc., 1912, xvi, 615; 1914, xvii, 34; Jour. of 
Physiol., 1913, xlvi, 349. 

MuskeEns, L. J. J.: Jour. of Physiol., 1907, xxxvi, 104. 

STRAUB, H.: Deutsch. Arch. klin. Med., 1917, cxxiii, 403. 

Wiccers, C. J.: Amer. Jour. Physiol., 1927, lxxx, No. 1, 1 and 12. 





STUDIES ON THE INNERVATION OF SKELETAL 
MUSCLES 


II. Or Muscie SPINDLES IN CERTAIN MUSCLES OF THE KITTEN! 


“ MARION HINES anp SARAH SHELDON TOWER 


From the Department of Anatomy, Johns Hopkins University 


It was with some degree of surprise that one of the writers discovered 
in the reading necessary for a review (Hines, 1927) on the innervation 
of skeletal muscles that the exact relation of the components of the 
peripheral nerve trunk to the intrafusal fibers of muscle spindles had 
not been adequately analyzed. Understanding of the innervation of 
the muscle spindle rested upon the interpretation of the morphological 
peculiarities of the nerve endings found upon the intrafusal fiber rather 
than upon well thought out and well executed degeneration experi- 
ments, which by their very discreteness could demonstrate beyond a 
doubt the origin of such endings. 

Spindle-shaped encapsulated groups of small muscle fibers found in 
skeletal muscle were first called muscle spindles by Kiihne in 1863. 
With the exception of a few isolated observations, they did not become 
a subject for investigation until the eighth or ninth decade of that 
century. It was then demonstrated that within the capsule of con- 
nective tissue and surrounded by a space, which Sherrington thought 
to contain lymph, lie three to six small muscle fibers (Huber and de 
Witt, 1898). These muscle fibers have the centrally placed nuclei, 
the slight diameter and the large myofibrils which characterize the 
red muscle fiber (Sherrington, 1894). Baum (1900) found the spindles 
in man to measure 2 to 10 mm. in length and 0.08 to 0.25 mm. in 
width. Sherrington ascertained the muscle spindle in the cat and 
monkey to have a similar width, but not to be as long (0.75 to 4.0 mm.). 
The intrafusal fiber itself, as measured for man by Christomas and 
Strossner (1891), was found to be 0.0135 mm. in width and to be 
about one-third of the diameter of the ordinary skeletal muscle fiber 


1 Received for publication February 15, 1928. 
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(0.0315 mm.). These authors however did not mention whether or 
not they measured the red muscle fiber or the white. The develop- 
mental differences at various stages of growth have been nicely de- 
termined in the pig by Cuajunco (1927). Cuajunco found, as was to 
be expected, two sizes of intrafusal fibers. In the early stages of de- 
velopment the muscle fiber of larger cross-section has a diameter al- 
most the same as that of the large intrafusal fiber at its proximal 
polar region; and the small extrafusal fiber, that of the smallest of the 
intrafusal fibers at the same place. The cross-section of the proxi- 
mal polar region and that of the equatorial region are the same up to 
the 250 mm. stage of development. In the adult, however, the di- 
ameter at the equatorial region and at the proximal polar region are 
the same for the medium fiber, but for both the large and small intra- 
fusal fiber the measurements at the equatorial region are appreciably 
greater. In the adult the intrafusal fiber is 0.021, 0.012, 0.008 mm. 
across at its equator; the extrafusal fiber, 0.042 and 0.040 mm. 

Almost fifty years ago Friinkel (1878) in his description of the pres- 
ence of great numbers of spindles in the muscles of the thenar emi- 
nence in man intimated that the distribution of these organs might vary 
from muscle to muscle. Onanoff (1890) found them very numerous in 
the intrinsic muscles of the hand, the flexors of the fingers and the 
quadriceps femoris, less so in the muscles of the trunk and rare in 
those of the abdominal wall. Certain muscles appear to function well 
without these interesting encapsulated organs. Baum (1900) was 
unable to find them in the muscles of the external ear, in either of the 
bellies of the digastric, and in the musculus laryngo-pharyngeus or 
the musculus stylo-hyoideus. They have never been found in the 
genital muscles such as the cremasteric (Cavalie, 1902), the ischio- 
cavernosus and the bulbo-carvernosus (Baum). Recently, however, 
contrary to the other reports, Sutton (1915) has been able to distin- 
guish a single intrafusal fiber, unencapsulated, in the extra-ocular 
muscles of the developing pig, while Langworthy (1924) leaves no 
doubt about their presence in the tongue musculature of the cat. As 
separate and definable organs they have never been observed in the 
facial muscles (Smith, 1926), although they are numerous in those of 
mastication (Cipollone, 1897, and Cuajunco, 1926). 

In reviewing this non-occurrence of spindles in certain muscles, 
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little or no thread of organization springs to meet the eyes. However, 
it is possible that these muscles which developed in relation to the vis- 
ceral arches and have not since become definitely attached to bone, do 
not possess these organs as well developed as do the muscles which 
have a great range of activity. As far as the literature may be pressed 
in answering the question of distribution, it would seem that the greater 
the diversity of use to which the muscle is put the greater the number 
of spindles found within it. 

At the present the writers have found no investigator who has con- 
sidered the slight variations either in the position of spindles within the 
muscle, or in their morphology. But from the work to be presented 
in this paper, it is apparent that the few muscles in the cat which have 
been studied intensively are individually characterized by position and 
morphology of their contained spindles. 

The nerve terminations upon the intrafusal fiber are concentrated 
in two places, about the equator and at one of the poles. Those about 
the equator in mammals form spiral-like terminations (Koelliker, 
1889) and were first interpreted as sensory in the spindles of man by 
Kerschner (1888). Ruffini (1898) studied the morphology of such 
endings in great detail in the cat, and made some accessory studies 
in man. He described two types in the equatorial region, the annular 
spiral and those which were not spiral, but appeared to be accessory 
or subsidiary to the first,—the flower-like terminations. These he 
thought to be sensory. Dogiel (1902) studied the musculus trans- 
versus abdominalis in the rabbit and noted that the spiral endings 
came off from heavily medullated fibers; he did not mention the 
secondary flower-like endings of Ruffini. These secondary endings 
were thought by Huber and de Witt (1898) to be merely branches from 
terminal non-medullated continuations of spindle nerves having a 
zigzag course, and therefore not forming a spiral. They suggested 
that Ruffini’s pictures were the result of incomplete impregnations. 
Both Kerschner and Ruffini said that in man there was no annulo- 
spiral ending like that found in the cat, but that the analogous ending 
in man was more compact. Nevertheless, this ending came off from 
a heavily medullated fiber and appeared in the same place on the intra- 
fusal fiber. 

The polar endings, Ruffini thought, did not resemble the motor end- 
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plates of skeletal muscle and therefore were not to be interpreted as 
motor, in spite of the view taken by Kerschner (1888) that they were. 
In Perroncito’s (1901) illustrations, the polar ending, although it 
appears as a non-medullated fiber, nevertheless is a branch from a 
medullated fiber, a counterpart in all points to his ultraterminal fiber. 
Dogiel (1902) described the morphology of that ending as similar to 
the grape-like terminations of Tschiriew (1879). He found the polar 
endings proceeding from thinly medullated fibers. These same small 
plaques had been described a few years previously by Huber and 
de Witt. 

Besides these two fibers definitely connected with the intrafusal 
fiber itself, Huber and de Witt (1898) and also Dogiel (1902) described 
the entrance into the spindle proper of a slender non-medullated fiber 
which they thought to be sympathetic. Whether it concerned itself 
with the intrafusal fiber or not, they could not determine. Agduhr 
(1919), using the silver impregnation method of Bielschowsky, not only 
pictured but also described a thin non-medullated fiber lying in the con- 
nective-tissue sheath of the spindle. 

Cuajunco (1927, p. 70) finds that annulo-spiral and flower-wreath 
endings are the most common in the pig and that the plate-endings are 
small and very rare. Besides these terminations there are also 


fibers which are apparently sympathetic and which form anastomoses with the 
fibrils from those nerves, later becoming medullated. It is therefore very diffi- 
cult to separate the endings of the stem, once the anastomosis is formed. Even 
at the time of birth, however, there are nucleated fine fibers accompanying the 
coarser ones from the medullated nerves. There are ringlets connected with these 
nucleated fibers and other fine fibrils which are derived from the medullated types. 
That the nucleated fibers are never medullated, that they can be traced in the 
spindle-nerve trunk, and that they approach the spindle in a separate group, are 
facts which make it appear highly probable that these nucleated fibers are not 
collaterals of the posterior ganglion fibers but are really sympathetic. 


Peculiarly enough, in spite of the rather numerous papers written 
upon the innervation of the spindle, little that is anatomically defini- 
tive has been presented. The reason for this was not known to the 
writers until the present study was begun,—an attempt to show that 
innervation by clear cut, exclusive degeneration experiments. The 
only reported attempt to extirpate the dorsal root ganglia and tostudy 
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the subsequent change in spindle innervation, until the recent paper of 
Hinsey (1927), was made by Onanoff in 1890. Onanoff’s communica- 
tion is rather short and was evidently unknown to Sherrington in 1894. 
Onanoff tried to destroy the dorsal root ganglion but was quite uncer- 
tain whether or not he had done so without injury to the ventral root. 
However, he reported that the spiral endings were the ones which 
showed degenerative changes. In 1894 Sherrington cut intradurally 
the dorsal roots proximal to the dorsal root ganglia and also the ventral 
roots. He found that the heavily medullated fibers to the spindles 
remained intact. His histological technique was not such that it would 
allow him to ascertain what happened to the finely medullated ones at 
the poles. 

Hinsey (1927) has recently studied the innervation of the spindle in 
adult cats, using Ranson’s pyridine silver method. He isolated the 
ventral root component by removing the lumbar sympathetic chain 
and the dorsal root ganglia, the dorsal root component, by removal 
of the lumbar sympathetic and intradural section of the ventral roots, 
and sometimes of the dorsal roots proximal to their ganglia. In these 
two isolations he examined the vastus medialis of the quadriceps 
femoris. For investigation of the innervation of muscle by the sympa- 
thetic, he cut the spinal nerves distal to the dorsal root ganglia and 
studied the small muscles of the hind-foot, the interossei. The equa- 
torial ending remained on the intrafusal fibers in the spindles of the 
quadriceps femoris when the dorsal root ganglion was left, while the 
polar ending was found to be present when the ventral root component 
of the spinal nerves was given complete autonomy. Conversely, 
no nerve terminations were found on the intrafusal fiber of the spindles 
in the small muscles of the foot when the sympathetic only was left. 
Hinsey’s operations were well controlled, and if the pyridine silver 
method is a completely successful technique in his hands, the question 
of the innervation of the intrafusal fiber in the cat would appear to be 
settled. 

Following section of a peripheral nerve, Tello (1907) observed that, 
although the two endings in a spindle degenerated, they did not do so 
with the same rapidity; this finding is indeed suggestive of a vital 
difference perhaps in function of the two endings, but tells nothing of 
their intimate relation to the central nervous system. If then the 
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work of Onanoff were true, the plaque at one of the spindle’s poles 
might be interpreted as being motor. If this were the correct inter- 
pretation of the function of that ending, it appears, upon the surface, 
rather peculiar that Sherrington could ascertain no degenerative 
changes in the intrafusal fibers not only after he had cut the dorsal 
(proximal to the ganglion) and ventral roots, but also after he hadre- 
moved as much as an inch of the sciatic nerve. This finding of no 
subsequent intrafusal atrophy, so strikingly divergent from that found 
in the skeletal muscle, is supported in an interesting way by the 
work of Morpurgo (1897). He found after exercise which changed 
appreciably the diameter of the skeletal muscle fiber, no similar change 
in the intrafusal fiber. If then the plaque is motor, it apparently is 
not quite similar, in its functional relation to the intrafusal fiber, to 
that which exists between the motor end-plate and the skeletal muscle 
fiber. 

Agduhr’s (1919) study of the plurisegmentally innervated spindle 
in the cat did not adequately demonstrate that the ending presented 
as sensory was such indeed, for he had cut the whole nerve at the 
point where it proceeded from the foramina intervertebralia. And 
although the degenerated ending lay near the equator of the spindle, 
was epilemmal and showed a different neurofibrillar structure from 
that which he believed characteristic of a motor ending, nevertheless 
the polar termination, thought by many investigators to be a typical 
serminaison en grappe, shared at least one characteristic with the sen- 
sory ending, its epilemmal position. Further, there is another peculiar- 
ity in his picture: the intrafusal fiber at the point where the ending is 
degenerating is shown to be in a process of disintegration. Nothing, 
however, appears in the text to explain or elucidate that finding. 

Neither in this work nor in that of Sherrington (1894) was the 
sympathetic excluded. 

In none of the investigations so far reported (except Ruffini’s (1898) 
type I) has there been found for the plaque-ending more than one area 
of nerve distribution,—a finding quite different from the reports given 
for the spiral or equatorial termination. Ruffini thought that his 
termination of flower-like swellings was of the nature of a secondary 
ending. Huber and de Witt found that there was a certain varia- 
tion in the manner of nerve termination (one to four) and that fewer 
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areas of distribution were found in the guinea-pig and the rat, and the 
greater number in the dog, cat, and rabbit. Such a finding tends cer- 
tainly to support Agduhr’s interpretation of the degenerated ending in 
the intrafusal fibers within the spindles of the cat. 

Boeke (1927), in a review of the whole subject, shows a degenerating 
ending (Fig. 56, p. 622), which he designates as motor. In an adult 
cat, the dorsal and ventral roots of some of the intercostal nerves were 
cut inside the spinal canal, preserving the dorsal root ganglia. After 
four days, the spindle was stained by the Bielschowsky method. The 
motor ending was degenerated, while the sensory ending was intact. 

It was apparent until the publication of Hinsey’s (1927) work that 
the crucial experimental degenerations had not been performed. 
Onanoff’s uncertain destruction of the dorsal root ganglion had been 
neither substantiated nor disproven. Now that it is known definitely 
that the polar plaque is somatic motor, it is difficult to explain the 
unique difference between the function of a motor ending on an intra- 
fusal muscle fiber and one on a skeletal muscle fiber. 


MODE OF TECHNICAL PROCEDURE 


In order to establish definitely the relationship of the central ner- 
vous system to the muscle spindle, four different types of operation 
were Outlined and devised. They were: (a) cutting the ventral roots 
extradurally at C7, C8 and Ti without injury to the dorsal roots; 
(b) the removal of the dorsal root ganglia at similar cervical and thora- 
cic levels; (c) cutting the ventral and dorsal roots, extradurally, distal 
to the dorsal root ganglia; (d) removal of the inferior cervical ganglion 
and complete removal of the sympathetic chain in the neck. These 
operations were performed on one side, leaving the other as the control. 

Kittens in ages from four weeks to four months were used; for not 
only is the total bulk of their muscle smaller, but the amount of injec- 
tion fluid may be appreciably less. They were kept for three to four- 
teen days after the operation. 

Operation. Inthe operation on the spinal cord an uniform technique 
was used. The left laminae of the lower three cervical and of the first 
thoracic vertebrae were exposed and cut through, using for this last 
procedure a pair of blunt-pointed scissors. In young kittens (under 
three months) the laminae were found to be very easily bent back, 
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being grasped in a curved hemostat, sufficiently to expose completely 
the dorsal root ganglia. In a few of the larger animals the bones had 
become so calcified that to expose the ganglia the lamina had to be 
taken off with rongeurs. All sections of nerves or nerve roots were 
made extradurally—the entire root, dorsal or ventral, or the spinal 
nerve of each level in its dorsal sheath being picked up on a fine 
strabismus hook and cut. In removal of the dorsal root ganglion the 
dorsal root was first cut proximal to the ganglion, grasped in a fine 
hemostat and the ganglion lifted away from the ventral root, until 
the union of anterior root and distal dorsal root was reached, where 
the dorsal root ganglion was cut across. 

The extirpation of the cervical sympathetic, when complete, was 
done through two incisions at one sitting. The inferior cervical gang- 
lion (stellate) was removed (Tower, 1925) by opening the head (pos- 
terior part) of the first intercostal space through an incision along the 
inferior border of the scapula parallel to the inferior border of the latis- 
simus dorsi muscle. In a second stage, through a median incision the 
superior and middle cervical ganglia were removed together with the 
intervening length of cervical sympathetic trunk, which was split from 
the sheath of the vagus. At the same time, the remaining portions of 
the cervical sympathetic trunk from the middle cervical ganglion 
downwards were removed. 

Staining and fixation. The animals were killed with ether. The 
chest wall was opened, the pericardium reflected, a small hole cut in 
the left ventricle and a suitable glass cannula inserted into the aorta 
and tied in place. To this cannula was connected rubber tubing lead- 
ing from an injection-bottle containing a solution of methylene blue 
made as follows: 
Methylene blue (1 per cent in distilled water)..................... 
SE Sn cin cccnmeckeanwsbusinemnae ns .made up to 2000 cc. 
Heated to 40°C. 
The cannula was fixed in such a position that the arch of the aorta 
lay in the median line so that both sides would tend to receive the same 
amount of fluid. The aorta was clamped in the mid-thoracic region. 
A small incision was made into the right ventricle and the injection fluid 
was allowed to pass through until it came out quite blue. A clamp 
was placed over the opening in the right ventricle and the fluid allowed 






















272 MARION HINES AND SARAH SHELDON TOWER 


to run into the animal until the whole head and fore-limbs became very 
blue. 

While this was being done, the skin was reflected from the two fore- 
limbs as rapidly as possible, by two of us, so that the time of exposure 
to the air for both limbs was approximately the same. The superficial 
fascia was carefully removed. After the skin had been completely 
taken away from the paw, the tendons of the extensors and the flexors 
of the phalanges were reflected, the ligaments binding the metatarsal 
joints were cut, and the musculi interossei were thoroughly exposed. 
Great care was taken to preserve the blood vessels. When all the 
muscles were exposed, small sheets of the pectoralis major were removed 
to be examined for nerve endings. First, the large nerve trunks 
become visible, then their smaller branches, and at last the motor end- 
plates. The injection was stopped as soon as nerve endings were 
visible on the spindles in this muscle. The time required from the 
beginning of the injection until the spindle terminations became visible, 
varied from kitten to kitten, and was between one hour and fifteen 
minutes and two hours.? 

After a spindle had been discovered, 1000 cc. of the fixation solution 
was run into the same cannula, from a bottle and tubing set aside for 
that purpose.’ The fixative solution was made up as follows: 


Ammonium molybdate.......... Gs price ech ar ecck aceon edie 50 grams 
Ee sit ctre a eidcirn sl en ann eae aglciagiakiwemeelatomeiinty eel 1000 cc. 


The molybdate was allowed to stand in the animal from one to two 
hours, examination being carried on continually, to ascertain the result. 
Then the muscle to be examined was quickly rinsed in distilled water, 


? The time was not a set one as in the frog. It varied perhaps with the time 
bridge for the loss of vitality in the tissue itself. Moreover, if there had been a 
delay in skin reflection or if the air had not reached the muscle, or if the clamp on 
the right ventricle had been kept on too long, the axis-cylinders would not be 
stained; the dye would remain in the blood vessels. 

5 Neither the injection bottle for the methylene blue nor that for the ammonium 
molybdate should be used for any other purpose, unless the investigator is willing 
to cleanse them after the manner of the quantitative chemist. Even an infinitesi- 
mal amount of molybdate in the methylene blue bottle is enough to ruin the injec- 
tion completely. Also if there is any formalin in the molybdate bottle, a slightly 
greenish blue appears in that solution, and later small crystals, and the efficacy of 
the fixation is lost. 
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put into chemically pure glycerine, and placed between two slides, 
which were held together by rubber elastics. It was possible in this 
manner to see the whole of a muscle as small as one of the interossei. 


DESCRIPTION OF HISTOLOGICAL FINDINGS 


In this description of the histological appearance of the innervation 
of the intrafusal fiber of the muscle-spindle, stained with methylene 
blue, the normal findings will be discussed first. Characteristics of 
the normal spindle were gathered not only from studies of normal in- 
jected kittens, but also from the unoperated or control sides in the 
kittens which compose the whole series of experiments. The departure 
from the normal will then be described and a typical protocol from each 
type of nerve section given. 


A. The normal spindle 


The muscle spindles of the interossei muscles, generally three in 
number, lie near the center of its slightly swollen belly. The number 
of intrafusal fibers in each spindle varies from three to five or six 
The equatorial ending is not of the simple morphology described for 
the cat by Ruffini, although in this muscle both the spiral and flower- 
like endings of that author may be identified (fig. 4a). The polar 
endings (Fig. 4c), however, despite his pictures, may be extremely 
complicated, and they are not uniform in morphology or nerve-rela- 
tionship, for they appear to twist about the polar part of the intrafusal 
fiber, ending in close-fitting blebs upon the intrafusal muscle fiber, 
Sometimes the nerve which reaches this innervation runs along the 
intrafusal fiber in a slightly zigzag course (Fig. 5b); in others, it enters 
from the side (Fig. 4c). In all cases this fiber near its point of entrance 
to the spindle, or in its vicinity, loses its regular sheath, so that the 
nerve fiber is the origin of the polar ending, is indeed non-myelinated, 
as Ruffini, Perroncito and Huber and de Witt described, and at the 
same time, medullated, as Dogiel observed. The ending itself on the 
intrafusal fiber of the particular muscle in question is closely applied 
to the muscle fiber—a morphological arrangement quite at variance 
with the typical description of the polar termination. 

The equatorial ending in the interosseus muscle (Figs. 4a and 5a) 
not only shows a certain spiral ending, but also many incomplete semi- 
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spiral or leaf-like excrescences, suggestive of Ruffini’s description but 
appearing to be far more complicated. 

In the pectoralis major, it is possible to study only those spindles 
that are near the ventral surface of the muscle, because the bulk of 
that muscle prevents the oxidation of the dye deep within it. They 
occur frequently along the origin, and very close to it, about a milli- 
meter apart. The morphology of the nerve terminations is simpler 
than that described for the interossei, although the general outline is 
similar. In this muscle, the number of intrafusal fibers within the spin- 
dle is four, five or six. The equatorial ending (Fig. 1a) is heavily 
medullated and spiral. There is not even a suggestion of branching or 
any ending which could possibly be interpreted otherwise. The polar 
ending (Figs. 1b and Ic ) is directed away from the insertion. It is 
single, uncomplicated in form, and is approached by only one axis- 
cylinder; as the branch is given off, the nerve fiber may expand into a 
typical grape-like termination. The main branch may pass for a 
long distance, either longitudinally with, or transversely to, the intra- 
fusal fibers and it may end at quite a distance on another small muscle 
fiber, belonging to the spindle. The axis-cylinder of the last ending is 
not only non-medullated, but is so slender that it was most clearly 
seen by the outlining of the stained nuclei of its neurolemma,—a mor- 
phology hitherto considered to be characteristic of the sympathetic 
nerve fiber. If this axis-cylinder (Fig. 1b) is followed toward the 
region where it leaves the main nerve trunk, traversing the outer sur- 
face of the muscle, the non-medullated, “sympathetic” fiber suddenly 
becomes a slender non-medullated fiber and then in the same manner 
a medullated one. It is then clearly evident that the polar termina- 
tion, although it is non-medullated in the vicinity of the muscle, is 
indeed nothing but a medullated fiber, which near its termination has 
lost its myelin. In the spindles observed in this particular muscle, 
the axis-cylinder which terminates in the polar ending is independent 
of the skeletal muscle fiber itself. 

In the abductor digiti quinti, not only are there typical spindles, 
but also near the tendinous end of that muscle there are peculiar 
ramifications, which resemble in morphology the tendon endings 
pictured by Golgi and Dogiel, although in this case they lie in the con- 
nective tissue among the muscle fibers (Fig. 4e). In several instances, 
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a heavily medullated axis-cylinder divides into two whose terminations 
are similar. Sometimes running between two such similar endings 
and entering both of them is an axis-cylinder, small in diameter and 
non-medullated. These nerve endings, which stain with methylene 
blue appear to be embedded in a gelatinous-like substance, staining 
slightly. early in the process of examination, but as two hours pass, 
this substance, no longer colored, seems to disappear. Besides 
these complicated terminations, in each of the muscles examined, 
there are two club-like endings (Fig 5e), originating from the same 
heavily medullated axis-cylinder. They are also embedded in a gel- 
atinous substance similar to that described for the previous termination. 

The muscle-spindles in this abductor are quite similar to those of 
the interossei, although the extraspiral conformations of the equatorial 
ending are not as prominent. Also there are fewer intrafusal fibers 
within the spindle. The polar ending is a little more simple, in that 
it is innervated by one fiber. In one instance, one of us saw a single 
axis-cylinder divided in such a way that one branch terminated as a 
complicated tendon-like ending, while the other terminated in the 
equatorial ending of an intrafusal fiber (Fig. 5d). 

Although the musculi lumbricales were not studied consistently 
throughout the series, nevertheless, the few observations made are of 
great interest because they exhibit certain similarities and differences 
in the sensory terminations described for the other three muscles. A 
less complicated tendon-like ending (Fig. 7a) supplied by one branch of 
a medullated fiber was observed near the broad flat tendon into which 
the various strands of the lumbricales are gathered for insertion. The 
other branch from this axis cylinder innervated the equatorial termina- 
tion of the spindle (Fig. 7a). This latter ending is not so simple in 
morphology as those found either in the musculus pectoralis major or 
in the abductor digiti quinti. There is no definitely spiral portion 
(Fig. 7c), that is, the axis-cylinder does not wind round and round the 
individual intrafusal fibers as is described as typical for that termina- 
tion. The axis-cylinder here forms rather small endings which ramify 
around the equator, not following in some instances any definite pat- 
tern as revealed by observation. There are but few intrafusal fibers 
in the spindles of these muscles, two or three appearing to be the usual 
number. The polar fiber in some instances (Fig. 7b) leaves the main 
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trunk of distribution and ends directly as a grape-like termination 
upon the intrafusal fibers. In other instances a similar fiber, non- 
medullated as it approaches the point of contact with the muscle 
fiber, runs along the surface of the intrafusal fiber in a zigzag course. 
forming no typical morphological terminations on it. 

It is evident from the description that the intimate details of the 
terminal morphology of the nerve-muscle contacts within the spindle 
of the four muscles considered are not identical. Indeed, if the mor- 
phology of the sensory terminations within the other muscles of the cat 
should follow the general outline of those already described, it would 
be possible to identify the muscle in question by the peculiarity of the 
nerve terminations upon the intrafusal fibers of its spindles. Never- 
theless, in spite of this variation and this departure from what has 
been described as the normal pattern of the nerve terminals within 
the spindles, there is no variation from the generalization that the 
equatorial ending is medullated at its point of contact and that the 
polar ending, originating from a medullated fiber, becomes non-myeli- 
nated in the vicinity of its contact. 

This description in its generalization of terminal contacts of nerves 
with muscle is in no way different from the classical studies of the nine- 
ties. What then are the origins of these two fibers? 


B. The muscle spindle following operation 


a. After removal of the dorsal root ganglia which supply the muscle 
of the forefoot. In the first animal of the series, the oxidation of the 
methylene blue was not good, consequently the spindles in the in- 
terosseus were not found. However, the motor endings on the oper- 
ated side were well stained—an important finding because it demon- 
strated that, with care, it is possible to remove the dorsal root gang- 
lion and leave the ventral root uninjured. 

In two of this series (D. R. G. IL and ITI) the time between the opera- 
tion and the examination, nine days and seven days, was so long that 
no debris of the degenerating nerve fibers to the equatorial plate was 
visible. There were no traces of this ending in the intrafusal fibers 
of the spindle in any interosseus muscle on the operated side (left). 
although they were present on the normal side. There remained, the 
zigzag nerve ending (Fig. 2), which passed lengthwise of the intrafusal 
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fiber, the polar termination. In one instance (D. R. G. II) it was 
possible to follow the axis-cylinder from the intrafusal muscle to the 
point where it became a branch of new fiber which could be seen to 
join the main nerve trunk. 

The other two kittens in this group (D. R. G. IV and V, operated 
upon on the left side) were examined three days after operation. 
In D. R. G. IV the equatorial terminations (Fig. 3a) on the intrafusal 
fibers of a spindle, discovered in the left fifth interosseus, were in the 
process of degeneration. The polar termination was intact. In the 
M. abductor digiti quinti of D. R. G. IV on the operated side, the 
tendon-like endings, so characteristic of that muscle, were degenerat- 
ing (Fig. 3c). The corresponding muscle of D. R. G. V showed clearly 
an intact polar ending and a disintegrating equatorial termination. 
In both the M. interosseus of the middle phalanges and the flexor 
digiti quinti, intact motor endings on intrafusal fibers were discovered 
oriented toward the insertion of their respective muscles. 

Then it was discovered that in the ulnar distribution to these small 
muscles (D. R. G. V), some of the motor end-plates were degenerated. 
And on the intrafusal fibers of one spindle both the equatorial and 
polar endings were degenerated. This is interesting because the injury 
to the ventral root was not suspected at the operation, nor in the sub- 
sequent physiological examination. But with this type of technique of 
study, it can be ascertained immediately whether or not the operative 
procedure was indeed what it pretended to be. 

The following protocol will demonstrate the type of observation 
common to this particular series. 


Protocol of animal D, R. G. IV 


The dorsal root ganglia of C7, C8, and T1 were removed from the left side of a 
four-month-old kitten, October 26, 1927. On the next day the animal was in good 
condition. The left fore-leg was completely anesthetic from the mid-upper arm 
on the medial surface and elbow, on the lateral surface, except for a narrow strip 
from the radial two toes along the radial border. Paw held flaccid, with no wrist 
extension and no claw protrusion. October 29, 1927, the animal’s condition was 
good, with the sensation as above. The motor paralysis of the wrist had disap- 
peared, although claw protrusion could not be evoked. 

The kitten was killed with ether (October 29, 1927) and injected with methylene 
blue 1:5000 in 1.25 per cent NaCl solution. The fixative (ammonium molybdate 
solution, 5 per cent) was injected after one and one-half hours. 
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The left abductor digiti quinti showed a marked degeneration of the fibers and 
endings which were called the tendon-like terminations (Fig. 3c). No spindle was 
observed in the muscle upon this occasion. In the abductor pollicis on the operated 
side, the polar ending on an intrafusal fiber was oriented toward the origin or the 
proximal end of the muscle. There were no remains of the equatorial ending 
visible. The interosseus of the fifth digit contained a spindle with a degenerating 
sensory or equatorial medullated ending (Fig. 3a). The somatic motor or polar 
ending (Fig. 3b) was intact and oriented toward the proximal end or origin of the 
muscle. 

In the left interosseus muscle belonging to digit 4, although there was noevidence 
of motor-ending injury, a degenerating axis-cylinder of a finely medullated fiber 
left the main nerve trunk, which supplied the muscle as a whole, to follow a branch 
of a large artery. This it followed even after two successive smaller branchings, 
and was lost to sight at the opposite end of the muscle. It would appear possible 
therefore that in some instances the nerve fibers along blood vessels may be afferent 
in their relation to the central nervous system. 


From the foregoing description it is quite evident that the equatorial 
ending has its one origin in the dorsal root ganglia and that the polar 
ending does not. As far as it is apparent, the latter termination was 
untroubled. By these operations and subsequent injections, we have 
made trebly sure that the traditional interpretation of some thirty 
years was indeed true. 

b. After cutting the ventral roots extradurally within the vertebral canal 
without injury to the dorsal roots. In this procedure only two kittens 
were used because the staining was excellent and the termination loss 
was definite. In the first (V. R. I), killed five days after cutting of the 
left ventral roots C7, C8, and T1, extradurally, the abductor digiti 
quinti and all the interossei muscles were stained. 

The normal spindle in the interosseus is a complex affair with a 
broad equatorial ending consisting of spiral and flower-like excres- 
cences. The nerve fibers for the polar ending approach it by way of 
two routes, one along the length of the intrafusal fiber; the other en- 
ters the spindle almost directly at the level of the polar termination 
itself. On the operated side, the equatorial ending was intact (Figs. 
4f and 4g) and showed no diminution in its brilliancy. However, no 
nerve fibers approaching the polar ending were intact, nor was any 
polar ending itself intact (Figs. 4f and 4h). The peculiar terminations 
found near the tendon end of the M. abductor digiti quinti remained 
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(Fig. 4e), not only the medullated fibers but also the non-medullated 
ones which go together to make these peculiar endings. The motor 
end-plates on the ordinary muscle fibers were degenerating (Fig. 4d). 

The following protocol of the second kitten will substantiate in all 
particulars the description not only of the loss of the polar ending in 
the M. abductor digiti quinti and the Mm. interossei, but also the nor- 
mal appearance of the equatorial terminations on their contained in- 
trafusal fibers and the persistent tendon-like endings in the former 
muscle. 


Protocol of V. R. IT 


The ventral roots of C7, C8 and T1 on the left side were clearly sectioned in a 
small kitten of eight weeks on May 23, 1927. The next day the animal was in 
fair condition, very active on all four legs but the left fore-paw was not flexed and 
the claws were not extended. The paw itself was flat, while the leg tended to be 
slightly flexed at the elbow. There was no sensory loss. On May 27, it was 
etherized and injected with 1:5000 methylene blue in 1.25 per cent NaCl solution. 

In this particular animal, the conditions of degeneration changes were studied in 
three different muscles, the Mm. interossei, the M. abductor digiti quinti and the 
M. pectoralis major. In the left M. pectoralis major (Fig. 5c) the spiral ending of 
the equator was seen to be intact, but the nerve trunk and the motor end-plates 
upon the skeletal muscle were degenerated. Also—and what is more important 
for this study—the polar termination was found degenerated. 

In the M. abductor digiti quinti of the operated side, the polar ending of the 
spindle and the motor end-plates were degenerating, but the tendon-like endings, 
the bulbous endings (Fig. 5e) and the equatorial ending of the spindle were com- 
pletely intact. In one instance an axis-cylinder was seen to divide (fig. 5d) into 
two branches, one innervating an equatorial plate of a spindle, and the other ex- 
panding into a perfect tendon-like ending. 

In the left Mm. interossei, the motor end-plate on the ordinary skeletal muscle 
fiber was degenerated and the nerve fiber itself disappeared for a short distance 
away from the point of termination. The axis-cylinders within the small nerve 
fibers showed slight droplet formation, characteristic of the process of degeneration. 
In all the regions which came under the observation of one of the writers, no fine, 
slender, non-medullated nerve fibers were seen to be left in the vicinity of the old 
motor end-plate. There was no change from the findings in the other muscle: the 
equatorial ending remained, while the polar termination was nowhere visible. 


It is apparent that the polar ending and the motor end-plate dis- 
appear together when the ventral nerve roots are cut. The equatorial 
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ending is undisturbed in any visible way. Therefore, the polar end- 
ing may be thought to be somatic motor in origin. 

c. After section of the nerve roots within the vertebral canal, extraduraily 
and peripherally to the dorsal root ganglion. ‘This experimental proce- 
dure was difficult to carry through in the most perfect fashion because 
hemorrhage was often so great either that the animal died, or because 
the wound had to be closed before the operation was completed. It 
was wiser to have this operation a failure and the animal alive. 

In kitten D. V. I, T1 was sectioned completely and C8 incompletely 
on the left. Of the spindles that were studied in the left interossei 
muscles, all showed complete degeneration of the nerve terminations on 
their intrafusal fibers. No attempt was made to determine the dis- 
tribution of the undegenerated nerve fibers. Nothing conclusive can 
be gathered from this experiment. It is merely suggestive that the 
sympathetic plays no part in the formation of the polar or of the equa- 
torial ending. 

In D. V. II, the dorsal root ganglia of C7 and C8, together with a 
piece of their ventral roots, were removed completely. T1 was left 
intact. It happened that the nerves to the intrinsic muscles of the left 
(operated side) foot were poorly stained compared with the rather 
brilliant results found in the muscles of the right normal foot. 

In the normal lumbricales, beautiful spindles were seen. The 
equatorial ending appeared more complex than that of the annulo- 
spiral type, characteristic of the M. pectoralis major, but it did not 
show any of the flower-like terminations of Ruffini. The polar ending 
was oriented toward the origin of the Mm. lumbricales. In the Mm. 
lumbricales of the opposite side, only one muscle spindle was found. 
No nerve, not even a stump, was seen on it nor near it, although in the 
muscle itself there were many normal motor endings beautifully 
stained. 

In the M. interosseus of the middle phalanx on the operated side a 
spindle appeared to have undisturbed nerve fibers terminating upon it. 

Because of the poor staining of the nerves to the spindles, it was not 
possible to substantiate Agduhr’s (1919) finding with the Bielschowsky 
technique of a plurisegmentally innervated spindle. Nevertheless, on 
the extrafusal fibers in the ulnar interossei, a normal motor end-plate 
might be seen lying close beside a degenerating one. 
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Protocol of kitten D. V. III 


An exposure and resection of the dorsal root ganglia and portions of ventral 
roots beneath the ganglia of C7, C8 and T1 of the right side was done on a four- 
month-old kitten, October 18, 1927. On the following day the animal was in fine 
condition, moving about easily. The right eye showed Horner’s syndrome, less 
prominent, however, than after cervical sympathetic section. The use of the 
right fore-leg was normal at the shoulder, almost so at the elbow, with a slight ex- 
tension at the wrist. There was no claw extension and no use of the toes. The 
paw was flattened. Sensation was difficult to test, as the animal was apathetic. 
On October 20, there was no change in the eyes. The right fore-paw was anesthe- 
tic on the ulnar border and over ulnar claw-pad and ulnar third of paw-pad, and 
hypoesthetic on the dorsum of the foot. The ulnar border of the fore-arm was 
anaesthetic to mid-upper arm and volar surface to elbow. The dorsum and radial 
border were sensitive. 

The animal was killed with ether and injected with methylene blue in NaCl 
solution, October 22, 1927. 

The interossei muscles on the right were studied in detail. Nerve fibers were 
found intact running along blood vessels and these were the only ones that were 
normal. All other nerves were in process of degeneration. All motor nerves 
to the skeletal muscle fibers (Fig. 6a) and all nerves (Figs. 6b and 6c) passing to the 
intrafusal fibers of the muscle spindle were in process of degeneration. The polar 
terminations in this animal were more advanced in their stage of degeneration than 
the equatorial. 

In the M. interosseus of the third finger we found three spindles, one of which 
contained five intrafusal fibers, the other two, two. The spindle studied in the M. 
interosseus of the fifth finger also contained two intrafusal fibers. 

In the five spindles studied from the normal interossei, there was no evidence of 
degeneration of any of the nerve fibers innervating them. 


From the complete removal of the dorsal root ganglia and section 
of the ventral roots of C7, C8 and T1 in kitten D. V. ITI, no nerve 
terminations were observed on the intrafusal fibers of the muscle 
spindle. And even in the incomplete operations in this group, where- 
ever a spindle showed any loss of innervation, it was completely de- 
nuded. At first sight it appears probable, considering the findings in 
D. V. I and D. V. II, that both the motor and sensory terminations 
upon any particular intrafusal fiber in the interosseus muscles are 
derived from the same spinal segment. This suggestion calls for the 
investigation of the polar termination in a manner similar to that given 
by Agduhr (1910) for what he thought to be the equatorial ending. In 
spite of its autonomy the sympathetic nervous system could not be 
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demonstrated as taking any part in the innervation of the intrafusal 
fiber itself. 

d. After sympathectomy. As might have been anticipated, there 
was no difference in peripheral nerve fiber loss discovered in the muscles 
of the foot on the operated side, whether the stellate ganglion only 
or the whole cervical sympathetic chain was removed. Peculiarly 
enough, no debris of degeneration was found along the smaller blood 
vessels either in those younger kittens (Sym. II and III, 8 to 10 weeks 
old) examined three days after sympathectomy, or in the older one 
(Sym. IV, four months old) studied after two weeks. 

In kitten Sym. II, the nerves along the larger vessels at their point 
of entry into the Mm. interossei on the operated (right) side were in 
process of degeneration. However, along all the other vessels, par- 
ticularly along the small arteries and the arterioles, no nerves were 
visible, with one exception—namely, in one interosseus muscle on the 
operated side a small non-medullated fiber ran alongside of the vessel 
for a short distance, curled over it and was then seen on the other side. 
Neither its point of origin nor termination could be distinguished. In 
the vessel the peculiar zebra-like appearance (Fig. 7d) of its walls was 
evident. In the majority of the other denuded arteries the small 
cells about the vessel did not take the stain. 

In the right M. abductor digiti quinti, as well as in all the Mm. 
interossei examined in Sym. III, no nerve fibers appeared along the 
vessels. They were quite naked—a contrast to their appearance in 
the corresponding muscle taken from the left or normal side. The 
nerve trunks which accompany the larger vessels into the muscle are 
in all probability only partly sympathetic in origin, because only a 
few of them were in process of degeneration, unless that vague sug- 
gestion of sympathetic fibers from the opposite side be true. 

In the Mm. lumbricales, on the operated side of Sym. II, there was 
no sign of either motor (Fig. 7b) or sensory loss (Figs. 7a and 7c) 
in the nerve terminations upon the intrafusal fiber of the spindles. 
The continuity of the intrafusal-fibers of the spindles found in these 
muscles was interrupted in all but one instance; nevertheless, that 
disturbance did not prevent the finding of the polar or motor ending in 
addition to the equatorial plate which receives the sensory termina- 
tion. In these muscles the peculiar tendon-like terminations (Fig. 
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7a) embedded in a gelatinous substance and similar to those found in 
the M. abductor digiti quinti were discovered. The same axis-cylin- 
der was noticed to divide dichotomously, sending one branch to the 
tendon-like termination and the other to the equatorial plate of a 
muscle spindle. 

The intactness of the innervation of the spindle was also demon- 
strated in the Mm. interossei: both the equatorial and spiral nerve 
endings showed no degenerative changes. 

In Sym. III, the right M. abductor digiti quinti was removed first 
for study. Again there was no visible change in the innervation of 
its intrafusal fibers. The polar or motor ending (Fig. 8a) was clearer 
than the spiral or sensory termination. 

The tendon-like endings (Fig. 8a) in this muscle which were so ap- 
parent in animal V. R. I and II were present. Accompanying the 
heavily medullated axis-cylinder which expanded into this ending was 
a thin non-medullated fiber, whose morphology was completely un- 
disturbed by the removal of the sympathetic. Neither cutting the 
ventral root, nor sympathectomy disturbed any part of the make-up 
of this tendon-like ending. Unfortunately, it was impossible to de- 
termine the exact source of this unmedullated nerve fiber. As far as 
could be seen from the preparations, its source was that of the heavily 
medullated sensory fiber. 

Besides these observations, on the muscle spindles from the operated 
side, from which the sympathetic nerves had been removed by de- 
generation, it was possible (in Sym. IT) to trace the progress of an axis- 
cylinder and see that, in its course across the face of the muscle, its 
myelin sheath was lost, and it became therefore a non-medullated 
nerve fiber. In another instance a non-medullated axis-cylinder was 
seen to be a branch of a medullated fiber. 

In the abductor digiti quinti of the operated side from the kitten 
Sym. ITI, a non-medullated fiber ending in the connective tissue as a 
free terminal, resembling a lerminaison en grappe, was seen. It had 
nothing to do with any muscle fiber in particular. Something simi- 
lar was found in the M. interosseus quinti on the operated side. This 
ending sprang from a non-medullated fiber, which was not sympathetic 
in origin; for not only was it found on the operated side but this par- 
ticular non-medullated fiber could be seen as a branch from a medul- 
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lated one. For a short distance it coursed between the muscle fibers 
at the side of a heavily medullated nerve fiber, which in its turn ter- 
minated in an extraordinary ending, probably sensory in function. 

Further, in this same kitten, a non-medullated axis-cylinder was 
seen in one of the right Mm. interossei to leave the main nerve trunk, 
run along the side of a small blood vessel for a short distance and turn 
into the connective tissue between the muscle fibers. 

The following is a sample protocol from this group. 


Protocol of kitten Sym. IV. 


On October 19, 1927, the left stellate ganglion was removed from a four-month 
kitten, through the first intercostal space. The superior cervical ganglion was 
dissected away from the sensory ganglion on the vagus, and the entire length of 
the certical cord with the middle ganglion was removed. The animal’s recovery 
was excellent. The next day, Horner’s syndrome was seen in the left eye. The 
left fore-paw pad was warmer than the right. All movement and sensation were 
normal. 

November 2, 1927. The animal was in excellent condition—and removal 
of the opposite sympathetic was begun. The stellate ganglion wasremoved. The 
animal died from ether during the operation on the sympathetic chain of the neck. 
It was injected with methylene blue in NaCl solution. As the injection progressed, 
the left fore-leg remained a light greenish blue. It was a surprise, then, when the 
M. abductor digiti quinti was examined to see everywhere beautiful motor end- 
plates. Peculiarly enough, the sensory endings in this muscle were very poorly 
stained, but visible. At no place in this muscle were any fine nerve fibers found 
along the blood vessels. 

The only difference between the right (normal) and the left adductor digiti quinti 
was the latter’s loss of nerves accompanying the smaller blood vessels. The 
innervation of the intrafusal fibers of the spindle was the same in both muscles. 
In the left M. interosseus quinti, a complete spindle was observed. Its equatorial 
ending, with its “‘annulo-spiral’’ and “flower-like’’ termination, was intact; its 
complicated polar or motor endings, undisturbed. 


It is evident from the findings following either ablation of the stel- 
late ganglion or complete removal of the sympathetic chain and ganglia 
of the neck (kittens, Sym. II, III and IV) that the intrafusal fibers of 
the small muscles of the fore-paw are innervated by the dorsal root 
fibers and the ventral root; that there is no evidence that the sympa- 
thetic nervous system plays any part whatever in that innervation. 
Further, neither is the absence of a myelin sheath nor a brief course 
beside a blood vessel, an adequate criterion of a sympathetic origin 
for any axis-cylinder. 
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DISCUSSION 


In the results of experimental degenerations devised to elucidate 
the innervation of the intrafusal fiber of the muscle spindles in the four 
muscles considered, there was no deviation from the generalization 
that the equatorial innervation has its cell body in the dorsal root 
ganglion and the polar ending in the somatic motor column of the spinal 
cord. Slender non-medullated fibers were seen to enter the spindle 
capsule proper, accompanying a small arteriole in several instances; 
nevertheless, in no case was it possible to demonstrate that such a 
fiber shared the innervation of the penetrating vessel. ‘There was, 
therefore, nothing equivocal about the motor innervation of the intra- 
fusal muscle fiber. It is not sympathetic in origin; it is, rather, defi- 
nitely somatic motor. And with the method of examination used, it is 
possible to trace such a fiber backwards to the large nerve trunk from 
which it is distributed. Although it may assume at the polar ending 
a morphology which appears to be identical with that of those fibers 
commonly thought to be sympathetic in origin, such an axis-cylinder 
may become thinly myelinated and, at the point of its immediate dis- 
tribution, it may become surrounded by a heavily medullated sheath. 
As Hinsey (1927) has already emphasized in no uncertain manner, 
only experimental procedures can determine with any degree of ac- 
curacy the central origin of a given fiber. His method of study, 
excellent as it was, could not yield him the definite morphological 
stages in the transition of a heavily myelinated fiber to an unmyeli- 
nated axis-cylinder of the so-called sympathetic type. 

No histological technique is completely satisfactory. It is suffi- 
cient for this study that a similar innervation for the spindle was ob- 
tained by two different histological techniques used upon muscles, taken 
from the fore-limb and the hind-limb of kittens and adult cats, respec- 
tively. It would have bettered Hinsey’s argument a little if he had 
found it advantageous not to change his study of sympathectomized 
muscle from the vastus medialis to the Mm. interossei. 

This method of examination of the whole muscle allows also for the 
study im situ of the muscle spindle and enables us to make a partial 
generalization that not only are the numbers of these spindles found 
within a given muscle approximately similar, but also that the position 
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of which they are found within a given muscle varies only a little, and 
that each particular muscle is a law unto itself. Further, there is 
variation from muscle to muscle in the amount of apparent encapsula- 
tion, and likewise within the same muscle. For example, the large 
spindle found in the center of the interossei muscles near the tendon 
from which the muscle fibers radiate, is more heavily encapsulated 
than either of the more peripheral spindles. Again, the spindles found 
in the pectoralis major lie snugly among the muscle fibers with no more 
connective tissue about them than is found between the ordinary 
muscle fibers themselves. 

It has also been shown that there is marked variation in the morpho- 
logical characteristics of the polar and equatorial ending upon the intra- 
fusal fiber, so that Huber and de Witt’s criticism of Ruffini’s findings 
of the two types of endings does not hold as a generalization. It shows 
simply that it is possible for an investigator to generalize from an 
insufficient number of muscles. Even Ruffini (1898) himself distin- 
guished three types of spindles, namely, those with complex termina- 
tions, those with intermediate, and those with simple endings. The 
first had not only a complicated primary ending but two flower-like 
and two plate terminations as well, one at each pole of the spindle. 
The second had but one flower-like or secondary ending and one plate; 
while the simple type supported only the primary and the plate ter- 
minations. The muscles studied have not yielded so simple a classifi- 
cation as this. Ruffini did not mention the source of the spindles he 
described. 

A simpler spiral ending cannot be imagined than those seen in the 
pectoralis major spindles—nor a clearer motor ending. On the other 
hand, the whole group of five intrafusal fibers in this case is not bound 
together in the form of the spindle typical of classical descriptions. 
In fact the spindle resembled more nearly a cylinder than any other 
geometrical form. In the latissimi dorsi, however, and in the lumbri- 
cales, the equatorial ending more closely resembles Ruffini’s flower- 
like endings though with a suggestion of a spiral arrangement. In the 
muscles of the fifth toe and of the four interossei, the axis-cylinders 
blossom into something similar to the flower-like endings of Ruffini, 
and are also arranged in a confused spiral form from which project 
small leaf-like excrescences. In other words, there are in all proba- 
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bility infinite variations in an equatorial ending on the same simple 
theme. Generally speaking, in this small series the greater the pos- 
sible movement through space upon contraction, the simpler is the 
morphology of the equatorial ending; and conversely, the finer the 
possible adjustment to movement sequence as found in the intrinsic 
muscles of the paw, the more complicated is the equatorial ending. 

It is also interesting to note that both the lumbricales and the ab- 
ductor digiti quinti contained other endings, resembling in form those 
described by Golgi (1880) as tendon endings—or those found by Dog- 
iel (1902, Taf. ii, Fig. 11, 12 B, 13) in the intermuscular connective 
tissue of the rectus abdominalis of the rabbit. But unlike Golgi’s 
terminations, in this series they were found entirely within the con- 
nective tissue of muscular part of the muscle, although toward the 
tendon end. In these two muscles here studied no endings were seen 
at the end of a muscle fiber; likewise, no tendon fiber-like spindles were 
found nor were there any terminations at the place of transition be- 
tween muscle fiber and tendon as Dogiel (1906) described. Neither 
of these investigators nor Catteano (1888), who described similar 
endings in the tendons of rabbits and guinea-pigs particularly at the 
point just beyond where the muscle ends, appeared to find that these 
terminations, as well as one which in the abductor digiti quinti is 
club-like in form, were embedded in a capsule which might be gelatin- 
ous in nature. That capsule takes a faint coloration with methylene 
blue during the earlier stages of the examination. After standing for 
several hours it entirely disappears and can no longer be seen. Ciaccio 
(1891) however figures a similar gelatinous capsule (Fig. 36) on end- 
ings which he found, with the Léwit and Fischer modifications of 
the gold chloride technique, in the small muscles of the interspinous 
process of Coluber natrix and in the tendon of the gastrocnemius of 
Lacerta agilis. ‘These endings in cat’s muscle all degenerate upon the 
removal of the dorsal root ganglion. together with the non-medullated 
fibers which often pass between them. Strangely enough this is the 
only record of any study of these endings following experimental 
ablation the authors have chanced upon, except that given by Catt- 
taneo (1888) when he cut the sciatic in guinea-pigs and rabbits. 

There is but little variation in the morphology of the motor ending 
on the intrafusal fiber. It is clearly a modification of the /erminaison 
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en grappe variety and never in our experience resembles the morphol- 
ogy of the motor end-plate on ordinary muscle. It is therefore a little 
difficult to understand Trinchese’s (1891) statement, unless of course 
the cat is not similar to the animals in his study, that “Dans les fuseaux 
de ces animaux (oiseaux, Gallus, Fringilla etc.) se trouvent de petites 
plaques motrices, resemblant, par leur form, 4 celles des fibres mus- 
culaires ordinaires” (p. 230). However, on no intrafusal fiber has 
more than one locus for plate or motor ending been seen (see Ruffini, 
1898, Plate II, Fig. 1). Nevertheless, in accord with Ruffini’s report 
(p. 205) that “the plate endings are found placed as frequently at 
the proximal extremity (or proximal polar region of Sherrington) 
as in the distal (or distal polar region of that author),” the motor end- 
ing on the intrafusal fiber, although it was more often oriented toward 
the origin of the muscle, was also sometimes found toward the inser- 
tion. In all instances studied, the fiber which led up to the polar 
ending was non-medullated and degenerated when the ventral roots 
were cut inside the vertebral canal. Also in no case was such a fiber 
seen to be a branch of an axis-cylinder whose other branch innervated 
an ordinary muscle fiber, as described for reptiles in the work of Perron- 
cito (1902). And yet Kulchitsky (1924) and Boeke (1927) give the 
impression that the spindle of reptiles, unlike that of mammals, may 
be innervated by the sympathetic nervous system. At the present, 
it is not possible to discuss a given condition of innervation of the 
spindle in one animal, and reason from that the probable condition in 
another. This work as well as that of Hinsey (1927) demonstrates 
that caution in such generalizations is the better way to display wisdom. 

There is yet one more significant morphological finding. In the 
abductor digiti quinti and in the Mm. lumbricales as well, a single 
axis-cylinder was seen to divide dichotomously, one branch ending in 
the Golgi-like termination and the other as the equatorial ending on a 
muscle spindle. This peculiar situation was found to have been de- 
scribed in 1888 by Kerschner, although he failed to give the specific 
place of such a finding. He says (p. 292): 


“Was die Form anlangt, so finde ich alle Uberginge von dem einfachen Organ, 
durch das am unteren Ende gespaltene zu einem Zwillingsorgan und zu vollstin- 
diger Zweiteilung. Die peripheren Enden eines Zwillingsorgans kénnen abermals 
geteilt sein. Die proximalen (Muskel-) Enden selbst oder wenn sie geteilt sind, 
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ibre Gabeliste, kénnen die mannigfachsten Verbindungen eingehen: mit Muskel- 
fasern, mit Spindeln, mit Sehnengewebe, mit einen zweiten Golgi’schen Organ.”’ 


It is, however, no less difficult to understand this peculiar dividing 
of the axis-cylinder for the reception of two sensory endings, different 
in morphology from that found so commonly in the M. pectoralis 
abdominalis of the frog (Hines, 1928). In that muscle the efferent 
fiber divides and gives one branch to a motor end-plate and another 
to a free ferminaison en grappe. A similar condition is commonly 
found in reptiles (Perroncito 1901, 1902, and seen by Hines in the alli- 
gator) in which the ultraterminal fiber ends epilemmally on a thin 
granular muscle fiber beyond the hypolemmal motor plate on a thick 
granular muscle fiber. Such morphological findings cause one to 
hesitate not a little in the complete acquiescence of faith in such a 
physiological dogma as the “all or none” law. For in the case of the 
sensory afferent axis-cylinder found in the M. abductor digiti quinti 
of the kitten, either the two endings are stimulated simultaneously 
or they are stimulated separately. In the first case, the combined 
resultant impulse would make them worthless as endings for a differ- 
entiation of stimuli, and in the second, following stimulation of either 
ending the same type of impulse would have to travel centralward. 
In either alternative, the morphological differentiation would be lost. 
For such a differentiation to hold a meaning for function, it would be 
necessary thatthe same axis-cylinder carry two impulses unlike in 
their frequencies or their amplitude. 

Also, in such studies as those of Sherrington’s on the stretch reflex, 
after the connective-tissue sheaths and the tendons of the quadriceps 
femoris had been cut away, the reflex by stretching of the muscle 
fibers themselves could still be elicited: in these, the possibility of the 
occurrence of such tendon-like endings in the connective tissue among 
the muscle fibers was not eliminated, unless it can be shown anatomi- 
cally that no such endings exist in this particular muscle. The as- 
sumption on which these workers based their conclusion makes it 
necessary that the sensory terminations of this muscle resemble those 
of the interossei rather than those, for example, of the lumbricales or 
of the abductor digiti quinti. 

With this work in hand and that of Hinsey (1927) on the quadri- 
ceps femoris of the adult cat, it has become more difficult to explain 
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the persistance of normal intrafusal muscle fibers as found by Sher- 
rington (1894) four months after sectioning of the ventral root and the 
dorsal root proximal to the ganglion, unless of course the intact dorsal 
root ganglion contributed some unknown influence. The explanation 
becomes even more difficult when it is remembered that the motor 
ending upon the spindle fiber shows a degeneration-time no different 
from that manifested by the ordinary motor endings of the skeletal 
muscle fiber itself. This finding is not easy to reconcile either with 
Agduhr’s (1920) observation that the ummyelinated collaterals of 
motor or sensory fibers might be just as resistant to degeneration as 
the sympathetic, or that of Boeke and Dusser de Barrene (1919, p. 
1230) that apparently intact non-medullated nerve fibers are found as 
long as fourteen days after section of nerves. Similarly, the explana- 
tion can hardly be reconciled with the fact that there was no visible 
change in the intrinsic muscles of the foot in this series of kittens after 
the complete ablation of the sympathetic chain, whether the time 
were three days or two weeks. ‘This does not mean that these workers 
or that Ranson (1912) did not find undegenerated non-medullated 
fibers for two or three weeks in the peripheral stump of a sectioned 
nerve, but rather that there is the possibility of great variation in de- 
generation of the ramifications of a cut axis-cylinder. In all probabil- 
ity, in these instances, the factor of time of year does not affect the 
process of degeneration, but rather perhaps it may be the age of the 
animal. As all our animals were not over four months of age, and as 
we were able to see great portions of the nerve fibers as they were 
distributed to their terminations, it would seem that variation in 
degeneration time did not enter to confuse the picture. 

It is also possible that methylene blue is not able to stain the cut 
sympathetic fiber with the same ease that is apparent in the silver im- 
pregnation technique. It might be urged that since the Bielschowsky 
shows the fiber as intact, it is so in reality, and that therefore the methy- 
lene blue should stain such an axis-cylinder. Nevertheless, although 
the fiber may seem to be anatomically normal, it is impossible to be- 
lieve that it is so chemically. 

This may indeed be the reason for the appearance of completely 
denuded blood vessels in all the sympathectomized muscles in this 
series of experiments, whatever the length of time elapsing between 
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operation and examination. On the other hand, in order to stain a 
degenerating fiber, either motor to the intrafusal and extrafusal fibers 
or sensory to the spindle, the time limit was four or five days. The 
best results were obtained at three, although Boeke (1919, p. 1230) 
using the Bielschowsky technique says that “‘as a rule 3 or 4 days after 
dissection of the nerves all the motor nerve end organs on the muscle 
fibers have disappeared.” In this particular instance there is little 
left of the motor end-organ proper; nevertheless, within a few milli- 
meters of that end-organ, the degenerating axis-cylinder is seen. 
The stage of disintegration of the afferent fiber to the spindle was 
never so advanced as that of the efferent (D. V. ITI) when both dorsal 
and ventral roots had been severed simultaneously. 

There was no appearance at any time even in the most complexly 
innervated spindles for the support of the belief that Cuajunco’s find- 
ing (1927) of an apparent network innervation of the pig’s spindle held 
true for that of the kitten. He found what seemed to be a fusion of the 
afferent medullated termination with the non-medullated efferent 
ending. Inthe kitten, the disintegration of either the sensory or motor 
innervation at no time affects the other. Cuajunco’s conjecture, 
that the non-medullated fiber is of sympathetic origin, is not made 
more likely by this investigation; although, indeed, it may be quite 
true. 

In those experimental procedures in which the dorsal and ventral 
roots were cut distal to the dorsal root ganglion, no spindle showed a 
normal sensory termination and a degenerated motor ending or 
vice versa. Also it happened that no plurisegmentally innervated 
spindles were observed, although many ordinary muscle fibers were 
found with one desintegrating and one intact motor end-plate. These 
data suggest that the polar innervation on the spindle is derived from 
the same segments of the spinal cord as those of its equatorial termina- 
tions. If this be true, reasoning from Agduhr’s (1919) finding of 
what he called a bisegmentally innervated spindle, not only was the 
equatorial innervation involved as he pictured, but also in all proba- 
bility the polar innervation would have shown a like plurisegmental 
derivation. 

The motor innervation of the spindle does not allow us to separate 
it as a functioning entity away from the motor innervation of the rest 
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of muscle fibers because, if the ventral root is cut, the probable reflex 
through the intrafusal fiber is interrupted. In such a beautiful study 
as that of Coman (1925), in which he attempted a demonstration of 
the inability of the sympathetic to maintain the so-called tonic activ- 
ity of the muscles of the fore-limb, the experimental procedure used 
destroyed the efferent fiber to the spindle. If the motor nerve fiber as 
well as the sensory to the intrafusal fiber must be intact for the proper 
functioning of the spindle in increase of tone characteristic of decere- 
brate rigidity, the possibility then for the solution of this problem from 
its reverse side vanishes. But if it is at all within the realm of fact, 
that as Hinsey suggests (p. 131) pressure changes in the perifascicular 
fluid might act as an efficient stimulus, the spindle then might be inde- 
pendent of the efferent fibers from the central nervous system. Such 
an idea might be put to test by cutting the ventral roots and modify- 
ing the intrafascicular pressure through the lymphatics (if Sherring- 
ton was correct) or by stretching such a muscle and recording the sub- 
sequent passage of the nervous impulses over the remaining sound 
afferents in the otherwise degenerated nerve trunk. Such experi- 
ments or others like them might be devised which would put an end 
to the enormous amount of speculation about the mode of functioning 
of the spindle and should decrease thereby the radius of the plausible 
modes of its stimulation. 


SUMMARY 


The nerve terminations upon the intrafusal fibers of the spindles 
found in the small muscles of the kitten’s fore-foot were studied, under 
normal and experimental conditions, by means of the methylene-blue 
technique. The variation in the morphology of such nerve muscle 
contacts follows, rather loosely, the classifical descriptions of Ruffini; 
although the forms of such nerve terminals are more or less constantly 
peculiar to any given muscle. Tendon-like endings are found con- 
stantly to lie in the connective tissue in the M. abductor digiti quinti 
and the Mm. lumbricales. 

By appropriate ablations the cell of origin for the equatorial ending 
was demonstrated to be in the dorsal root ganglion and that for the 
polar plaque to be somatic motor. The sympathetic nervous system 
took no part in the innervation of the intrafusal fiber itself. The 
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writers agree with Boeke, who used the Bielschowsky technique, 
and with Hinsey (Ranson’s pyridine silver method) upon the origin 
of the nerves innervating the intrafusal fibers of the muscle spindle 
of the cat, adult and kitten. 
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PLATE 1 


Fics. 1a to c are untouched photographs of the intrafusal fibers of a spindle 
taken from the normal pectoralis major of a kitten, designated as D. R. G. III, 
May 13, 1927. 

Fic. 1a was taken with a 16 mm. apochromate lens and a X 10 compens. ocular. 
It shows the simple annular type of equatorial ending characteristic of the spindles 
in this muscle. 

Fic. 1b is the same spindle as 1a, but shows the stages in the change of a medul- 
lated to a non-medullated fiber and its subsequent endings as the polar termina- 
tion on the intrafusal fibers of the spindle. 

Fic. 1c is again the same spindle. The motor terminations were photographed 
with an 8 mm. apochromatic Koristka objective. 
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PLATE 2 


Fic. 2. An untouched photograph which shows the remaining motor fiber dis 
tributed lengthwise along the intrafusal fiber of a spindle in one of the M. interos 
sei from the operated side in kitten D. R. G. III. The dorsal root ganglia C7, 
C8 and T1 had been removed 7 days previously. 

Fics. 3a to c. Photographs (untouched) of the nerve endings from intrinsic 
muscles of the fore-foot on the operated side from kitten D.R.G.IV, three days after 
the ablation. Koristka objective, 16 mm. apochromate and X 10 compens. ocular. 

Fic. 3a. Figure of degenerating nerve to the equatorial ending on the intrafusal 
fibers of a spindle found in the left M. interosseus quintus. 

Fic. 3b. The intact motor or efferent nerve branching lengthwise to the intra 
fusal fiber of a spindle in the interosseus muscle of the third digit. 


Fic. 3c. The degenerating fibers which terminate in the tendon-like endings 
found on the left abductor minimi digiti 
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PLATE 3 


Fics. 4a to 4h are photographs taken from both the normal and operated intrin- 
sic musculature of the fore-foot in kitten V. R. I, five davs after section of the ven- 
tral roots of C7 to T1, extradurally, within the vertebral canal. 

Fic. 4a. Equatorial ending on a normal spindle from right interosseus muscle. 
The small leaf-like terminations are reminiscent of Ruffini’s flower-like endings, but 
in this spindle as opposed to his description they are not separated from the annulo- 
spiral but are rather a part of it. A blood vessel filled with the precipitated dye 


may be seen crossing the spindle. 

Fic. 4b. Showing the equatorial ending adjacent to the polar ending. At this 
point the equatorial ending is not annulo-spiral, but the leaf-like morphology may 
be seen. Nerve fibers course along within the spindle to end as polar terminations, 
pictured well in Figure 4c. The same blood vessel seen in Figure 4a is also appar- 
ent here. 

Fic. 4c. The polar terminations on the intrafusal fiber of the same spindle, as 
seen in Figures 4a and 4b, have two sources for their fibers, one mentioned in 
Figure 4b which courses longitudinally to the spindle and the other which may be 
seen to enter from the side transversely to the organ. 

Fic. 4d. This shows the degeneration of the motor endings in the ordinary mus- 
cle fibers of one of the Mm. interossei on the operated side. 

Fic. 4e. The tendon-like endings found in the abductor digiti quinti on the 


operated side 
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PLATE 4 


Fic. 4f. The sensory termination on the intrafusal fiber is intact: the motor 
ending may be seen as bits of broken and disintegrating axis-cylinder running 
tengthwise on the intrafusal fiber of the spindle. Taken from the M. interosseus. 

Fic, 4g. The sensory termination on the intrafusal fiber, from a M. interosseus 
on the operated side, may be seen to be uninjured by the cutting of ventral roots 
C7 to T1. 

Fic, 4h. The polar ending of a muscle spindle in the process of degeneration. 
rhe equatorial ending was intact, but is not shown in the photograph. From the 
left (operated) interosseus muscle. 

Fics. 5a to 5e are photographs of nerve terminations found in muscles of kitten 
V. R. II, four days after section of the ventral roots of C7, C8 and T1 on the left 
side. 

Fic. 5a. Normal equatorial ending from one of the Mm. interossei on the right. 

Fic. 5b. Normal motor or polar ending on an intrafusal fiber from a muscle 
spindle from right M. interosseus, taken with 8 mm. apochromatic objective. 

Fic. 5c. A spindle from the left operated pectoralis major. The small elliptical 
black blotches are degenerating motor end-plates to the ordinary skeletal muscle 
fiber. The spiral sensory ending remains intact, but nowhere was it possible to 
find the motor ending. 














PLATE 4 
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PLATE 5 


Fic. 5d. A photograph of the branched axis-cylinder, found in the operated M. 
abductor digiti quinti. One branch terminates in a tendon-like ending and the 
other as the equatorial termination on a spindle muscle fiber. 

Fic. 5e. The bulbous endings found in the same muscle as the tendon-like ter 
minations described in figure 4e. This photograph was taken with an 8 mm 
apochromat. 

Fics. 6a to 6d. Photographs taken of nerve-muscle contacts from kitten D. \ 
III, four days after resection of the dorsal root ganglia and portion of ventral 
motor root beneath the ganglia on the right side at C7, C8, and T1. 

Fic. 6a. Degenerating axis-cylinders and motor end-plates from one of the right 
Mm. lumbricales. 


Fic. 6b. Besides the larger fragments about what appears to be a degenerated 


equatorial ending, there are many finer and more disintegrating chunks of axis 


cylinder in the region of the polar termination. This greater fragmentation of the 
polar ending, when compared with the equatorial, corresponds rather weil with 
the markedly degenerated condition of the motor endings seen in figure 6a. 

Fic. 6c. The sensory nerve fiber running to the intrafusal fibers in the spindle of 
the third Musculus interosseus is swollen and its ending is fragmented. 











BULLETIN OF THE JOHNS HOPKINS HOSPITAL PLATE 5 








PLATE 6 


Fics. 7a to 7d are photographs of nerve terminals in the muscles of kitten Sym. 
II, three days after the removal of the stellate ganglion on the right. 

Fic. 7a. No disturbance of sensory ending of spindle nor of the tendon-like 
ending in one of the right Mm. lumbricales. <A single axis-cylinder divides dicho- 
tomously, one branch going to the equatorial terminal on the spindle and the 
other to the tendon-like ending. 

Fic. 7b. The motor ending upon the intrafusal fiber of a spindle taken from the 
right or operated Mm. lumbricales is intact. 

Fic. 7c. This is the sensory termination on a spindle similar to the one figured 
in 7b. It may be noted that the annulo-spiral type of ending is absent. Small 
plaque endings slightly different in their morphology may also be seen. 

Fic. 7d. This is a spindle from the right or operated interosseus muscle of the 
middle toe of the fore-foot. It shows an intact complicated equatorial ending and 
the staining of circular smooth muscle cells in the wall of a penetrating arteriole. 
No nerve fibers can be seen coursing along this particular vessel. 

Fics. 8a and 8b are photographs of nerve endings found in the muscles of the 
fore-foot of kitten Sym. III, three days after resection of the stellate ganglion on 
the right by entry through the first intercostal space, as well as exposure and resec- 
tion of the superior cervical ganglion and the complete resection of the whole cer- 
vical chain in the neck. 

Fic. 8a. A non-medullated fiber accompanies the medullated fiber to the tendon- 
like ending from the operated M. abductor digiti quinti. 

Fic. 8b. A peculiar ending, resembling the terminaison en grappe type lying 
free in the connective tissue. It comes off from a non-medullated axis-cylinder, 


which was a continuation of a medullated fiber. The fifth interosseus muscle. 
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BOOK REVIEWS 


A Textbook of Medicine. For Students in Schools of Nursing. By A. G. BLum- 
GARTEN, M.D., F.A.C.P. 530 pp. $3.00. (The Macmillan Co., New York, 
1927.) 

In this volume we find a fairly satisfactory résumé of the field of internal medi- 
cine for the use of the nurse in training, for it is quite complete, though brief, and 
is written in language that is simple but not offensively so. Unfortunately, many 
minor errors have crept into this first edition, which might convey to the reader 
a lack of general confidence in its contents. Mucous as a noun substantive, elec- 
trocardiagra ph, fluroscope and Argyle-R, to say the least, look queer, and the state- 
ments that in tabes the pupil reacts to light but not to accommodation, and that 
typhus is “believed to be due to the Bacillus Typhus exanthematici’’ certainly need 
some correction or qualification. In common with many others, the author 
exaggerates the réle of syphilis in the production of aortic insufficiency and mini- 
mizes that of rheumatic endocarditis and other factors. This view should be 
combated, for it will not hold under statistical scrutiny. It might be well to 
include the hot immersion bath as a form of treatment for renal colic. It is 
certainly a harmless and often a very helpful procedure. With certain modifica- 
tions in the second edition the book should prove an excellent one for its purpose. 


J. T. K., Jr. 


The Pathology and Treatment of Diabetes Mellitus. By GEORGE GRAHAM. 188 
pp. $2.00. (Oxford University Press, London, 1926.) 

In this edition Dr. Graham has utilized admirably the incorporated material 
dealing with his subject up to 1923, including his first work with insulin, as well 
as a complete description of the ladder diet then in use for all cases of severe 
diabetes. In Part I he has given the explanation for the deposition of sugar in 
the body tissues, its control and the regulation of blood sugar by the ductless 
glands. In Part II he has listed the types of diabetes and treatment with interest- 
ing case illustrations including several renal glycosurias. The appendix gives 
the ladder diet in detail, some recipes, food values, charts and laboratory methods, 
only the last being of special value in light of present-day procedures. The book 
probably was a life-saver to average clinicians working with diabetic patients in 
1923, but in view of the recent rapid strides in treatment it will soon be only 
interesting history. 


F. E. B. 
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Diabetes—I ts treatment by insulin and diet. A Handbook for the Patient. By 
OrtaAnpo H. Petty, A.M., M.D., F.A.C.P., and Wm. H. Stover, A.M., 
M.D., F.A.C.P. 129 pp. $1.59. (F. A. Davis Co., Philadelphia.) 

This is an excellent book on diet and insulin in the treatment of diabetes. It is 
complete and well written. The way in which the material is presented makes it 
easy for the patient to understand. Included in the book are a preface by the 
authors, a foreword by Dr. John B. Deaver, and ten chapters amply covering the 
following subjects: the cause, diagnosis, and prevention of diabetes, food require- 
ments for the normal person and the diabetic, the weight and measure of foods, 
methods of estimating the diet, tests for glucose in the urine, the place of insulin, 
and the technique of administering it, and diabetic hygiene with notes on the 
most frequent complications. There are numerous diabetic recipes and tables 
with analyses of the most commonly used foods. This book should be of value to 
the diabetic as an aid in realizing his condition and the necessity for careful treat- 
ment, and in pointing out to him “a way of life.” 

F.E. B. 


Nerve Tracts of the Brain and Cord. By WititAM KEILter, F.R.C.S. (Ed.) 
Pp. 454. $8.00. (The Macmillan Co., New York, 1927.) 

The title of this publication is somewhat misleading for it consists of a series of 
lectures on neuroanatomy delivered by the author for the last twenty years at 
the University of Texas to the Sophomore and Junior classes. The first part is a 
laboratory guide to be used in the study of sections of the nervous system. The 
second is devoted to an outline of the anatomy and physiology of the principle 
fiber tracts, and the third is intended to correlate the symptoms of some of the 
common nervous diseases with anatomical and physiological data. Apparently 
the lectures have been printed without any rearrangement and there is a great deal 
of unnecessary repetition The anatomical discussion is detailed, but not es- 
pecially lucid. The physiological part is hardly up to date and the important 
work of Magnus and his followers on the postural reflexes is not mentioned. The 
clinical section is not designed to be exhaustive, but merely to correlate the com- 
mon symptoms with the function of various fiber tracts. Some of the illustrations 
are clear, but others are so poor that they serve no useful purpose. Perhaps this 
book might provide an outline for instructors in neuroanatomy. It could hardly 
serve as a textbook for students. 


F.R.F. 


Manual of the Diseases of the Eye. By Cuartes H. May. Twelfth edition, 
revised, with 374 original illustrations. 445 pp. $4.00. (William Wood & 
Company, New York, 1927. 

The twelfth edition of May’s ‘‘Diseases of the Eye’’ finds the same welcome that 












previous editions have enjoyed. There is now a fifth British edition, and the book 
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has been translated into seven foreign languages including Japanese and Chinese. 
lhe plan first laid down by Dr. May, that of a textbook for students and practi- 
tioners, has been faithfully and carefully adhered to through every edition and 
reprinting. Lengthy discussions are avoided and purely experimental data 
omitted, but all accepted theories are noted, and the common diseases of the eye 
discussed in very clear detail. The twelfth edition has kept abreast of new facts 
without, however, any increase in the size of the book. The author succeeds so 
admirably in the difficult task of avoiding to say too much, and yet presenting 
an accurate, readable, practical volume, that has filled a real need for more than 


a quarter of a century. 
G. S. L. 


Getting Well and Staying Well. By Joun Porrs. 223 pp. $2.00. (The C. V. 
Mosby Co., St. Louis, 1927.) 

This book was written apparently by one with an understanding of pulmonary 
tuberculosis and the tuberculous gathered not entirely from mere reading and 
dispensary service. It is first and foremost a warning to those who are “feeling 
tuberculous” to avoid some of the pitfalls of ignorance and indifference the author 
himself may have encountered during the early days of his battle with the insidi- 
ous and treacherous tubercle bacillus. Emphasis and sympathy express this. 
Unfortunately, the message will not reach the mass of those “‘feeling tuberculous” 
until that feeling is translated into a moderately advanced case of pulmonary 
tuberculosis chasing the cure in some sanatorium. 

Dr. Potts coins a new phrase when he speaks of one with active early disease 
as “feeling tuberculous.”’ He, likewise, expresses a hope that the laity may learn 
when to suspect the disease in themselves. As a matter of fact, one may have a 
moderately advanced lesion and not feel tuberculous or have any feeling in the 
matter at all. Placing the responsibility for failure of an early diagnosis is most 
often a difficult task; it may be the fault of the disease itself in not producing 
symptoms early; it may indict parents or relatives for not observing the health of 
their family; or it may involve the patient himself; it frequently condemns the 
physician for his carelessness or ignorance. 

The author strongly condemns the practice of sending patients in vain quests 
for health to some distant health resort when from every point of view he should 
be kept at or near home. He warns the patient against well meaning but mis- 
guided, ignorant, and sympathetic busybodies. His pointed darts at quacks, 
charlatans, cults and grandmothers will be applauded by doctors and patients 
alike. His note is one of optimism, wherever justifiable, and he rejoices over the 
passing of the era of tuberculosis fatalism that has prevailed until recently. 

The work is commendable alike for its clarity and brevity. The author has 
not attempted to cover the entire subject of tuberculosis and he writes primarily 
for the layman. It is to be hoped that in subsequent editions which will be sure 
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to come he will not permit his message to degenerate into a “handbook on tuber- 
culosis.’”” The book is an admirable one and can be heartily recommended to 


patients. 
M.F.S. 


Exophthalmic Goitre. By Joun Eason, M.D., F.R.C.P. (Ed.) 215 pp. 12/6 net. 
(The Macmillan Company, New York, 1927.) 

This is an unusually satisfactory and sane exposition of a much discussed and 
very complex subject. The general construction is excellent and the literary 
style is far above the average found in medical writings, particularly, perhaps, in 
this country. The author treats the relation of exophthalmic goitre and the 
central and autonomic nervous systems somewhat elaborately but finishes by 
putting the nervous system in at least an understandable position. He tempers 
his physiological thinking with common sense and rejects some of the more fan- 
tastic hypotheses that must have annoved anyone who has followed the subject 
thoughtfully through recent vears. There will be some dissent from the author’s 
statement that the patient is best examined when lying down. Though many 
observers, the author included, have noted the intimate relation of tonsillar in- 
fections to exophthalmic goitre, he fails to give this important fact sufficient promi- 
nence as compared with the other more remote and rather hypothetical relation 
of exophthalmic goitre to more general infectious processes. The statement that 
expectation of going home from hospital may easily raise the basal metabolism as 
much as 40 per cent in a given case is misleading: such a result could be obtained 
only under obviously unsatisfactory conditions and should be rejected. On the 
whole, the book is splendid: there are always many differences in opinion about 
exophthalmic goitre, but there is a great deal that can be said in favor of this book, 
and very little that can be argued against it. 


J. T. K., Jr. 


The Normal Diet. A simple statement of the fundamental principles of diet. 
By W. D. Sansum, M.D. Second edition. 8°. Pp. 136. $1.50. (C. V. 
Mosby Co., St. Louis, 1927 

Some weeks ago the reviewer received a letter from a Fruit Growers’ Exchange 
stating that they were about to wage an immense advertising campaign upon 
Acidosis, an affliction whose ravages were best to be combated by the consump- 
tion of oranges and lemons on a large scale. In preparation for the deluge of 
patients who might soon be expected to come for relief from this new disease, a 
cordial invitation was extended to purchase from the Exchange a copy of the book 
under review at an exceedingly low price. 

Faithful to the trust imposed in him by the Fruit Growers, our author devotes 
about one-third of his book to Acidosis and to menus for circumventing it Aci- 
dosis, it appears, is a two-headed monster. There exists an ‘‘acid ash”’ as well as 
an “‘acetone’’ type. As the reader undoubtedly has already heard something about 
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the latter variety, we will describe in more detail the “acid ash’’ type of acidosis 
in the author’s own words: ‘““The more common symptoms of the acid-ash type of 
acidosis are malaise, lassitude, nausea and later vomiting, loss of appetite, head- 
aches, weakness, sleeplessness, muscle aches, acid mouth, sour stomach, acid urine, 
acid sweat, ‘sour disposition,’ and, I believe, the blood vessel disease which is 
responsible for high blood pressure and such complications as partial blindness, 
heart disease, kidney disease, gangrene and apoplexy.”’ All of these symptoms 
and complications may be avoided, as well as migraine and the deterioration of 
silk undergarments due to acid sweat in a very simple manner. And that—but 
the reader has already guessed it—is by the hearty consumption of the citrus 
fruits—lemons and oranges. ‘Grapefruit and limes will be added to this list when 
their ash content has been definitely established.’’ It was not to be expected that 
“thigh blood pressure” would escape attention. Such patients usually have “very 
acid urines.’’ One cure is reported on an alkaline ash diet and a series of experi- 
ments on rabbits is added to clinch the matter. The unfortunate group of animals 
who received an acid-ash diet for more than eight months “‘developed high blood 
pressure, Bright’s disease, with albumin in the urine and retention of sewage prod- 
ucts in the blood.” 

An appendix gives a colorimetric method for the determination of urinary “Ph,”’ 
together with an explanation of the meaning of this symbol for the inquiring doc- 
tor or layman. The ever-obliging Fruit Growers will indeed supply physicians 
with materials sufficient to make several hundred tests by this method for the 
modest sum of $2.00. 

We venture to predict that if the ambitious plans of the Fruit Growers are 
crowned with success, Acidosis will soon supplant Halitosis as our most popular 
disease and a golden harvest will be the just reward of its promotors, a harvest 
which we trust will be in some degree shared by the deserving author of 


this treatise 
G. A. H., Jr. 


Ker’s Manual of Fevers. Revised by Claude Rundle, O.B.E., M.D., (Lond.), 
M.R.C.S. (Eng.). Third Edition. 346 pp. $3.75. (Oxford University 
Press, 1927.) 

The average American reader may need to be reminded that on the other side 
of the Atlantic “the fevers’’ refers to the common infectious diseases. The late 
Clayde B. Ker of Edinburgh, had enjoyed wide renown as an authority on these 
conditions from the time of the appearance, in 1909, of his justly popular textbook 
on “Infectious Diseases,”’ and his eminent position in this field was but consolidated 
by the publication of the more compact and doubtless more widely read Manual 
which, first brought out in 1911, was intended for the use of students about to 
take a course of training in an isolation hospital. In this third edition, under the 
supervision of Rundle, of Liverpool, the scope and form of the original volume have 
been adhered to, while at the same time there have been included necessary addi- 
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tions, mainly from the field of immunology, which bring the book in a general way 
abreast of recent advances along these lines. 

There are chapters on physical examination, on measles, rubella, scarlet fever, 
small-pox, vaccinia, chicken-pox, typhus, typhoid and the paratyphoid fevers, 
diphtheria, erysipelas, whooping-cough, mumps, and meningococcus meningitis. 
The oustanding feature throughout is the lucidity and accuracy of the clinical 
descriptions, which are presented in the medium of a literary style of all-embracing 
smoothness wherein myriads of sharp-edged facts are embedded with such subtlety 
that unless the reader is on the alert some important points might be missed. 
One inevitably seconds the author’s expression of regret that considerations of 
redaction deterred him from enlarging the list of diseases discussed. Particularly 
commendable are the sections on typhus fever and small-pox; on the other hand, 
the one on typhoid totters a bit. The presentation of arguments for universal 
vaccination and the refutation of the claims of the opposition might be committed 
with profit by every practitioner, even though we are not required here, as in 
England, to be forensically armed to the teeth against the ever-insistent anti- 
vaccinationist. 

From the reviewer’s point of view, the weakness of the book lies in its thera- 
peutics—though of course treatment of symptoms always involves sharply regional 
loyalties—and in its somewhat haphazard dealing with the relationship of the 
physician to the public health. Perhaps the formalities of the latter subject are 
to an extent also regional; but many practitioners become acutely aware of the 
functions of a health department by the process of trial and error, by making some 
specious blunder of which they will in due course be informed in no mean terms. 
And while local practices here and in England may differ in detail, it is precisely 
in a book of this scope and purpose that one would like to see the principles of this 
relationship expounded to the novitiate. 

As an example of the art of book-making this volume leaves little to be desired. 
We detected but one misprint: the spelling of Dochez’ name. The illustrations, 
although few in number, are well chosen; and there are two handy tables of incuba- 
tion periods, modes of transmission, and so forth, and an adequate index. 

R. Mcl. 


Surgery of Neoplastic Diseases by Electrothermic Methods. By GrorcEe A. WYETH, 
M.D. Preface by Howard A. Kelly, M.D. With one hundred and thirty- 
seven illustrations. 298 pp. $7.50. (Paul B. Hoeber, New York, 1926.) 

High frequency currents have now been employed in therapy for more than a 
quarter of a century and their use is established as an important adjuvant in 
surgical procedures. 

Although not the first to deal with a selective field of surgery the present work 
claims our attention mainly becauseof the author’s experience with a new method— 

the use of the endotherm knife—a cutting instrument by the action of which a 
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“cold spark’’ is produced by a bi-polar current. This procedure has been aptly 
included by Dr. Howard Kelly as belonging to the “newer surgery.”’ 

The ten chapters cover 256 pages, including photographs and diagrams. They 
discuss: terminology; the history of high frequency currents; the production of 
high frequency currents and the effects of oscillating currents on tissue; monopolar 
endothermy; bipolar endothermy; the endotherm knife; endothermy applied to 
lesions of the mucous membranes and of the buccal surfaces; and endothermy 
applied to lesions of the skin. 

The chapter on the physics of the apparatus employed, written by Dr. A. 
Mutscheller, although germane to the subject, is nevertheless not so clear and easy 
to assimilate—for the reviewer at least—as the author intends it to be. 

There is a laudable attempt to review much of the literature bearing upon the 
principles and practice with which this newer method of attacking disease is 
concerned. It is a pleasure to note that full credit is given to one of the real 
pioneers in this field—Dr. W. L. Clark—for bringing electro-therapeutic procedures 
into better repute. 

The author endeavors to “make out’’ his case for the use of the method in 
association with general surgical procedures and irradiation, but more especially in 
connection with failures in these fields. The whole book teems with personal ex- 
periences. Dermatology, however, is not thoroughly covered; but we may hope 
that future editions will pay more attention to a field in which endothermy is 
now recognized as an adjunct in therapy fully as important as radium and the 
roentgen-ray. 

Constructive criticism might ask first for a more detailed account of the tech- 
nique in the use of the apparatus, and then for details of the ultimate results after 
a period of several years. The author’s “follow-up” records are necessarily as 
yet of too recent date to be of great value; but later on they will be essential for a 
proper evaluation of the method. Nor is anything said about the possible after- 
effects of operations, such as hypertrophic scarring, which from a cosmetic stand- 
point is often of great importance. 

Furthermore, although the author does not mention the fact, it should be 
insisted that to be really qualified to deal with these various pathological condi- 
tions the operator should be thoroughly familiar with the pathological changes in 
tissues and that his operative skill should be as sure and as safe as that of the 
surgeon who “knows his tissues.’’? No less than the radiologist or the ro- 
entgenologist, the operator must “know his pathology’’ as well as his apparatus. 

Nor can one entirely share the author’s optimism regarding the successful 
treatment of certain dermatological conditions, such as tuberculous and keloidal 
changes, since we know from experience that the latter not infrequently result 
from destruction produced by the high-frequency current. 

In the main, the book is a handy volume; there are very few typographical 
errors; the bibliography is good, and the photographs are excellent with the ex- 
ception of those on pages 160 and 161, which are so poor as to be quite worthless. 
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We trust that the author’s aim will be realized, namely, to direct the attention of 
workers in special fields to a very useful and attractive method of curing disease. 
His contribution should certainly give a splendid impetus to the furthering of a 
treatment for many conditions which heretofore have offered considerable tech- 


nical difficulties. 
IL.R.P. 


The Diagnosis of Pancreatic Disease. By Ropert Coopr. 112 pp. $1.50. 
(Humphrey Milford, Oxford University Press, 1927.) 

The reading of this little book, which was The Rogers Prize Essay in the Uni- 
versity of London, has been a delight. From a considerable study of the literature 
combined with personal observations the author has correlated the succinct facts 
of the anatomical, physiological and pathological background with clinical observa- 
tions. These have been combined with certain laboratory tests which he reviews 
and upon which he passes judgment—usually very well grounded. 

A summary of the subject leaves us in a state of wonderment as to the paucity 
of our knowledge and the uncertainty of diagnostic significance of what we are 
pleased to call clinical and laboratory data. 

Only one real regret lingers after perusal of the book. Apparently the author 
was not acquainted with the recent anatomical work of Benseley, Suguchi, and 
Dolley; otherwise he undoubtedly would have had some very interesting comments 
to make upon it. All in all, the monograph should be of great help to students 


both graduate and undergraduate. 
L. M. 


Lectures on Internal Medicine. By Knup FaxBer, M.D., Professor of Internal 
Medicine, University of Copenhagen, Denmark. Pp. 140. Price $3.00. 
(Paul B. Hoeber, Inc., New Y ork, 1927.) 

This book contains four lectures delivered by Professor Faber during his sojourn 
in the United States two yearsago. One is struck by the attractiveness and clarity 
of the style. Numerous illustrations and charts are included in the text. 

The first lecture deals with the “Etiology and Pathogenesis of Achylia Gas- 
trica.’”’ Recognizing that although some instances of this disorder may possibly 
be congenital in origin, the author presents evidence to show that most cases are 
related to infections which cause a gastritis in the sense in which a subsequent 
nephritis may be associated with a hepatitis. The concept would tend to show 
that after all the term “gastritis” applies to a common gastric disorder. 

The second lecture on the “Intestinal Origin of Pernicious Anaemia” is perhaps 
less convincing. Here Professor Faber falls back on hypotheses which to him 
appear the more likely to afford an explanation of the facts of the case. 

The third lecture on “Benign Glycosuria”’ is the one that was presented at the 
Johns Hopkins Hospital, while the fourth is a delightful sketch on a “Historical 
Outline of Medical Therapy.”’ 
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Nerve Tracts of the Brain and Cord. By Wiiutam Kerrier. 455 pp. $6.00. 
(The Macmillan Company, 1927.) 

Dr. Keiller has set down in this book the information which he has been pre- 
senting to his students for years. The morphology and physiology of the nervous 
system are given, as well as the application of the principles thus learned to the 
examination of clinical cases. Not particularly interested in investigating the 
growing periphery of the subject, he has endeavored, as he himself says, to give 
the leading facts that should make an appeal to every well educated physician. 
From this point of view the work deserves considerable commendation. 

The book is divided into three main sections, the anatomy of nerve tracts, the 
anatomy and physiology of nerve tracts, and applied neurology; a lengthy supple- 
ment classifies nervous diseases on a morphological basis. The first part was 
planned as a course for beginners, the second and third for more advanced students. 
This arrangement involves a great amount of repetition and detracts from the con- 
tinuity. The inadequacy of the illustrations is the most serious fault of the book 
as an example of its kind. 

How does the book measure up to the standard of an ideal neurological textbook? 
There is much to be said for its wide scope in these days when it is clear that an 
adequate presentation of the anatomy and physiology of nervous pathways is of 
great importance as applied to the study of clinical cases. Neurology is still a 
young subject and the advances that are at present being made come largely from 
these more basic fields of investigation. On the other hand, it is important that 
the author should be familiar with the recent literature of a wide scope. This 
permits a dynamic presentation and produces the most stimulating type of text. 
A new neurological treatise usually contains many statements with which even the 
specialist is not familiar or with which he finds a difference of opinion with the 
author. Dr. Keiller presents only standard, gilt-edged material which has long 
ago been accepted by all. Is it too much to expect that such a text should contain 
a critical summary of the latest investigations on the subject tinted with the 


author’s own experience? 
O.R. L. 
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AT THE MENOPAUSE 


The distressing symptoms that so often accompany the climacteric, but more particularly the aggra 
symptoms of the artificial menopause, are frequently controlled by the administration of 
LUTEIN TABLETS, H. W. & D. 
LUTEIN SOLUTION AMPULES, H. W. &. D. 


The choice of the medication depends, of course, on the judgment of the physician as to whether oral or. 
hypodermatic administration is indicated. Both products represent the 


CORPUS LUTEUM OF THE SOW 


Lutein Tablets H. W. & D. are unmodified by treatment with solvents or by exposure to temperatures | 
above animal body heat, in the drying process. All separation of extraneous matter is made by mechans. 

ical means and all drying is in vacuo. The unaltered corpus lutewm should, therefore, be presented ig 
our products and clinical experience with them should demonstrate their therapeutic activity. 


Ovarian dysfunction as evidenced in dysmenorrhea and amenorrhea is also an indication for Lutein medix. 
cation. Where the diagnosis of such dysfunction was well established, definite therapeutic results have» 
been reported. 
WHOLE OVARY TABLETS, H. W. & D. 
OVARIAN RESIDUE TABLETS, H. W. &. D. 


are also offered for those who prefer, for certain indications, the use of the whole gland or of the residue 
remaining after corpus luteum separation. 
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Hexylresorcinol has over SEVENTY TIMES THE GERMICIDAL POWER 
OF PHENOL, and is the most powerful non-toxic antiseptic known. 


_ HEXYLRESORCINOL SOLUTION S. T. 37 has the low surface tension of 37 DYNES PER CENTIMETER, 
which increases the rate of diffusion of the germicide through the cell membrane of the organism, and materially 
enhances the germicidal action of the solution. Hence the name, HEXYLRESORCINOL SOLUTION S. T. 37. 
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